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Turbo Charge Your 
Transient Response 

with new T2 Power Modules & TurboTrans'^ 



Tired of adding capacitors to your power design? Introducing the T2 series - the second generation 
PTH modules with rurboTrans™ technology. This patented"" technology provides up to an 8X 
reduction in required output capacitance while still meeting the stringent transient load 
requirements of DSPs, |jPs, ASICs and FPGAs. 

High Performance. Analog. Texas Instruments. = a 



Order your sample now! 
www.ti.com/T2 



TurboTrans lechnoloqy 
1.5% output regulation 
Up to 50% smaller footprint 
SmartSync synchronization 
Wide input voltage 
(4.5V to 14V) 
Auto-Track"^^ sequencing 



/V„.., without TurboTrans 



V,,„\is!\thTurboTrans 



8A L„: Transient 




nd the red/black banner are trademarks of Texas Instruments. *Patent pending. 1276 



Technology for Innovators™ ^jf Texas Instruments 



We have whateveE-tl^gree of J 
thermal hnanag^ y9^P^ 




As next-generation senni-conductors make once uninnaginable 
speeds - and tennperatu res! — routine, thermal managed solutions 
become increasingly important. Which is why Tyco Electronics offers 
products for everything from low-power chip sets to performance- 
based applications up to 400W. And we're equally innovative at 
either end of the spectrum: our low-power CHIP COOLERS heat 
sinks, for instance, are mechanically attached rather than bonded, to 
allow the heat sink to be easily removed for testing and repair. High- 
power applications benefit from our exclusive folded-fin technology, 
a one-piece design that provides better omni-directional airflow. 
Finally, because we make both the socket and the heat sink, a good 
mechanical fit is ensured. Regardless of your system's architecture, 
either custom or standard, you can turn to us for turnkey solutions. 
For more information, just visit www.thermal.tycoelectronics.com 



Low-power CHIP COOLERS, 
extruded aluminum and 
Thermally Conductive 
Polymer heat sinks 




DIMM module passive 
heat sink, memory and 
microprocessor sockets 



North America 800-522-6752 • Europe +49 6251 133 31 73 
•Asia +81-44-844-8292 • www.tycoelectronics.conn 

CHIP COOLERS andTYCO are trademarks. 



tqca 



a vital part of your world 



Electronics 



VIDEO AND IMAGING SOLUTIONS 
TO GET YOU TO MARKET FASTER. 



POWER MANAGEMENT Battery management with integrated charging 
FETs and synchronous DC/DC power 
conversion simplifies design and maximizes 
battery life. (TPS65010) 





Jump-Start your design with Tl's solutions for your entire signal chain. From industry-leading 
DSP-based digital media processors and high-performance analog to logic and an extended 
portfolio of application software, Tl delivers reliable, scalable and power-efficient video and 
imaging solutions. With Tl, you can fast-forward your product to market. 



For a free CD and technical documentation, visit www.ti.com/tivideo 



novators and the red/black banner are trademarks of Texas Instruments. Microsoft is a registered trademark of IVIicrosoft Corporation. All other trademarks are the property of their respective owners. 1004A0 © 2005 Tl 
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©Koninklijke Philips N.V., 2005. All rights reserved. Nexperia and the Nexperia logo are trademarks of Koninklijke Philips N.V. 



Whatever your next innovative idea is, 
we'll help you design it. 

Personal Media Player. People want to watch TV programs, movies 
and home videos on their own schedule. That's why today's personal 
media players allow people to access the content they love, whenever and 
wherever they want. At the core of this revolution in personalized content 
is the Philips Nexperia Media Processor, which makes it possible to record 
broadcast video, download and view movies from the Internet, and store or 
share digital photos. The processor allows you to attach the player to a TV 
for DVD video quality — even high-definition output. As an industry 
leader in media processing technology. Philips 
Semiconductors is prepared to be your partner 
in designing what's next. 




www.philips.com/pm 




Personal Media Player. To help you design what's next. Philips' 
reference design features the following ICs: 

1. Media Processor/System Control - Nexperia PNXI500 Media 
Processor supports DivX, MPEG-2, MPEG-4, H.264, WMV9, motion adaptive 
de-interlacing, real-time DVD-quality MPEG-4 video encoding, and scaling as 
well as system control, Ul, and communications. 

2. Power Management Unit - PCF50606 PMU+. One chip provides 
complete system power supply and management including DC/DC converters, 
batter/ management, charger control and dynamic power control that 
optimizes multiple voltage levels in real time to minimize power consumption. 

3. TV Codec - SAA7 1 09 TV codec provides A to D and D to A conversion 
for composite video signals; decodes PAL, NTSC, SECAM, encodes PAL, 
NTSC and 720P, 10801 HD video out. 

4. Wireless LAN 802.1 Ig- BGW2I I System -in-a- Package (SiP) 802.1 Ig 
solution features the industry's lowest standby and operating power 
consumption and supports 802. 1 le for enhanced QOS. 



PHILIPS 

sense and simplicity 



"The Fujitsu FlexRay 

controller is driving next generation 

multiplexing technology/' 




RACE TOWARDS THE NEXT 
AUTOMOTIVE NETWORK WITH 
THE NEW FLEXRAY, CAN, LIN, 
AND IDB-1394 CONTROLLERS. 

Fujitsu's new FlexRay controller enables X-by-Wire 
technology for in- vehicle networks. This application- 
specific standard product complements all of the existing 
standard automotive buses including CAN and LIN. 
Based on Bosch IP, this next-generation controller 
delivers 1 Megabits per second over two channels 
and provides fault-tolerant, deterministic transmission, 
suitable for the engine control, braking and steering 
subsystems now being introduced using the FlexRay 
protocol. Fujitsu is committed to developing FlexRay 
embedded microcontrollers for further integration. 




For more information, call (800) 866-8608 
or visit http://us.fujitsu.com/micro 



FLEXRAY 

• The world's first controller based on FlexRay version 
2.0 standard and on track for version 2.1 

• Configurable parallel interface 

MICROCONTROLLERS 

•8-bit, 16-bit, 32-bit MCUs 

• Up to 6 CAN supports, 128 messages per channel 

• Multiple serial interfaces (CAN, LIN, PC, SIO, UART) 

• High-speed and multiple A/D conversion units 



Fujisu 



THE POSSIBILITIES ARE INFINITE 




New battery 
technologies hold 
promise, peril for 
portable-system 
designers 

For the near future, 
r \ >^ most portable systems 

V-X will have to rely on some 
form of the now-venerable lithium- 
ion battery Fortunately lithium-ion 
cells are improving in cost, robust- 
ness, and even energy capacity 
But beware the perils that "clone" 
battery packs can pose for your 
system. by Margery Conner, 

Technical Editor 



Operating alone 

A Autonomous systems 
X I sire showing up in more 

I V*/ places. Competitions 
such as the DARPA Grand 
Challenge are increasing their 
visi bi I ity by Robert Cravotta, 

Tectinical Editor 




H?inrlc;-rin review: 
Analyzers reveal 
digital secrets 

PC-based logic analyzers 
f \ I can reveal much about 
V*^ I digital signals. Here's the 
lowdown on seven models we tested. 

by don Titus, Contributing Editor 
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Linear regulators 

8-1 Banishing those accursed 
* spikes takes attention to 
detail and understanding the 
subtleties. by dim Willianns, 

Linear Tectinology Corp 

Industrial backplanes 

System designers turn to 
y Oserial-communications 
strategies to boost reliability and 
extend service life in hostile factory 
or industrial environments. 

by Rictiard Zarr, 
National Semiconductor 

Common-driver-library 
architecture 

-| Q Using a CDL-based 
I architecture for device 
drivers can significantly reduce the 
time to develop, maintain, validate, 
and support device drivers for 
multiple platforms. 

by Chet Douglas and Boji Tony 
Kannanthanam, Intel 

PWM servo amplifiers 

A 1 Q Digital PWM servo 
I I Oamplifiers are smaller, 
more efficient, less expensive, and 
easier to use than their linear 
counterparts. by David Tormey 
Copley Controls 



DESIG 



IDEAS 





Low-cost BER tester measures errors in low-data-rate applications 
DMA eases CPU's workload for waveform generation 
Bipolar current source maintains high output impedance at high frequencies 
Send your Design Ideas to EDNdesignideas@reedbusiness.com. 
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POWER MANAGEMENT 



Most Integrated Power-over-Ethernet 

PD Plus Flyback or Buck with Fewest Components 




I 



From Spare Pairs 
or Transformers 



Trs Third Generation PD Combines Ease of Use 
with Flexibility. 

Texas Instruments increases its PoE portfolio with the TPS23750, which combines the 
functionality of PD with a primary side DC/DC PWM controller. The designer can create 
a front end solution for PoE-PD applications with only a minimum of external components, 
while still having a great range of design flexibility. 



i 





V 




Pass FET 


DC/DC 




Device 


(max) 


UVLO 


(RSDON ^) 


Control 


Package 


TPS2375 


100V 


IEEE 802.3 


0.6 


PG Pin 


8-Pin SOIC, TSSOP 


TPS2376 


100V 


Adjustable 


0.6 


PG Pin 


8-Pin SOIC, TSSOP 


TPS2377 


100V 


Legacy 


0.6 


PG Pin 


8-Pin SOIC, TSSOP 


TPS23750 


100V 


IEEE 802.3 


0.7 


Integrated Controller 


20-Pin HTSSOP 


TPS23770 


100V 


Legacy 


0.7 


Integrated Controller 


20-Pin HTSSOP 



► Applications 

- VoIP phones 

- Wireless access points 

- Point of sale 

- Building control 

- Security cameras 

- RFID readers 

► Features 

- Complete 802.3af PoE 
interface 

- Integrated DC/DC controller 

- Current mode control 

- Isolated or non-isolated 
topologies 

Programmable operating 
frequency 

Current sense leading-edge 
blanking 

50% duty cycle limiting 

Voltage output error 
amplifier 



( 



Get Your Copy or Download! 

Power Management Selection Guide, 

Datasheets, Samples, Evaluation 
Modules, Application Notes, 
and PoE Selection Guide 



www.ti.com/poewrap o 800.477.8924, ext. 1274 
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SOT-23 Synchronous Constant-on-Time 
Switching Controller 



High-Efficiency LM1770 Synchronous Controller for Low-Voltage DC-DC Conversion 



Application Circuit 



Transient Response 



2.8 to 5.5V 










Complementary 
Drivers 



-J OV,N 



lAVAILASr 

|LEAD-FREi 



A 



-J— OVoUT 



ir^ 

^ Down to 0.8V 



Output I 
voltage: i 
100 mV/divi 



Load step: f 
1 A/div I 



Synchronous operation 
enables higher efficiency 



No external compensation required 




Shown at actual size: 
0.7 inches x 0.68 inches 



The LM1770 is simple to use and provides higher 
efficiency than LDOs. 



Ideal for point-of-load regulation in consumer 
applications, set-top boxes, cable modems, 
digital video recorders, printers, servers, and 
point-of-sale terminals 



For FREE samples, datasheets. 
Power Designer, and more information 
on the LM1770, contact us today at 



power.national.com 



Or call 1-800-272-9959 
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f Check out these online-exclusive articles: 
Amplifier targets wireless- 
infrastructure systems 

Analog Devices recently introduced the 
AD8352 differential amplifier, which it 
claims is the first of its kind to achieve the 
ultralow-distortion levels to drive high- 
speed ADCs for advanced wireless- 
infrastructure systems. 
www.edn.com/article/CA6284832 

Controller targets in-vehicle applications 

Fujitsu Microelectronics America recently 
rolled out a 1 394 controller, which the 
company claims has the first IDB-1 394- 
compliant (Intelligent Transportation 
System Data Bus-1394) physical and link 
layers with an integrated 1394 controller. 
www.edn.com/article/CA6284833 

Startup claims IC router will lead 
retooling for DFM age 

A new EDA startup. Pyxis Technology Inc, 
is coming out of stealth mode and says it 
will release mid next year a design-for- 



manufacturing-savvy digital-IC router 
that will lead the next retooling in the 
implementation segment of EDA. 
www.edn.com/article/CA628553 1 

Intel offers 51 2-Mbit and 1 -Gbit NOR 
flash for mobile market 

Intel is releasing a 51 2-Mbit single-die 
NOR flash targeting the high-end mobile- 
handset market. The new M 1 8 is Intel's 
fifth-generation MLC (multilevel-cell) 
NOR. The M 1 8 runs at 1 .8V and doubles 
the density of the company's previous 
device, the 1 30-nm, 256-Mbit LI 8 NOR. 
www.edn.com/article/CA6284467 



In this series of round-table forums, the 
the editors at EDhfs sister publication. 
Electronic News, gather expert panelists 
and discuss the industry's hottest topics. 
Check out the latest installment, "Oasis in 
the valley." 

www.reed-electronics.com/ 
electronicnews/article/CA6283253 




If you like our reader-submitted 
Design Ideas, check out Designing 
Ideas, a new online section hosted by 
Design Ideas editor Brad Thompson. 
In it. Brad comments on each new 
issue's Design Ideas, provides links 
to related circuit designs from our 
extensive archive, and invites your 
feedback. 
www.edn.com/designideas 
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HOT OFF THE PRESSES: 
MOVERS AND 
SHAKERS 2005 

This year's 
Movers and 
Shakers special 
issue features 
interviews with 
industry lead- 
ers; forecasts 
for North 
America, 
China, the Asia/Pacific, 
Europe, and Japan; the top 
1 market leaders in 1 7 
product categories; the 
Global 250, which ranks 
the industry's fastest-grow- 
ing companies; and more, 
^www.reed-electronics. 
com/moversandshakers/ 




FROM THE VAULT 

Articles and extras from the EDN archives that relate to this issue's contents. 



Related to 

"New battery technologies hold promise, peril 
for portable-system designers" (pg 58): 
Run for your life: Ultralow-power systems 
designed for the long haul 

www.edn.com/article/CA601 827 



Power management in consumer electronics 

www.edn.com/article/CA6091 10 

Related to 

"Anatomy of a current-feedback op amp" 

(pg 40): 

Anatomy of a voltage-feedback op amp 

www.edn.com/article/CA6275426 




Related to . 

"Operating alone: autonomous systems" 

(pg 49): 

The eyes of the machine 

www.edn.com/article/CA41 9565 
Mixing the real with the virtual 

www.edn.com/article/CA601 832 
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BY MAURY WRIGHT, EDITOR IN CHIEF 



Are cell-based ASICs 
going a\Nay? 

can't count the number of conference sessions I've attended at 
which a speaker shows a market graph of ASIC-design starts. This 
chart, which is seemingly in every PowerPoint deck, shows a peak 
in these starts over the past few years with a dramatic drop in starts 
taking place in the next few years. I don't buy these projections. 
Cost drives the pessimistic projection of ASICs in the future. 
A few years ago, everyone started talking about the cost of mask sets, 
and they are expensive. More recently, it's been the cost and time 
associated with verification that people often cite as the dominant 
cost component. In any event, the costs associated with 90-nm and 
finer geometry ASICs mean that only high- volume products justify 
the investment. 

But what is high volume — especial- 
ly in the age of 90-nm chips and 300- 
mm wafers? Smaller dice and larger 
wafers change the definition. All of a 
sudden, the demand for a product such 
as a communication chip for a router or 
switch, which many consider a high- 
volume product, can't fill a single tub 
of wafers per year. Outside PC proces- 
sors, graphics processors, cell-phone 
basebands, and memory, not many ICs 
qualify as high volume on state-of-the- 
art process lines. 

I recently attended the SOC (sys- 
tem-on-chip) conference presented by 
Savant. The "death-of-the-ASIC" chart 
appeared in several presentations, and 
the projected ASIC replacement was 
generally the structured or the platform 
ASIC. Such products combine prever- 
ified layers of a chip design with a min- 
imal amount of mask processing for cus- 
tomization. Presumably, the result is 
something almost as dense as a cell- 
based ASIC with much lower NRE 
(nonrecurring-engineering) cost. 
At the conference, Fujitsu, LSI 



Cost drives 
the pessimistic 
projection of ASICs 
in the future. 

Logic, Altera, eASIC, and others each 
spun its ASIC-replacement story. 
Most, however, failed to address the 
problem of volume production on state- 
of-the art lines. Only eASIC has an 
answer for the volume issue. CEO Ron- 
nie Vasishta points out that, because 
the eASIC FlexASIC products require 
only the top via layer be customized, 
the company can manufacture multiple 
designs on one wafer. Vasishta claims 
that the company's Direct- Write 
eBeam technology, which handles the 
top layer, is cost-effective even for mid- 
volume chips and that, as volumes 
grow, a design can move to a mask layer 
to handle the interconnect. 

Although eASIC has an interesting 
technology, I'm still not sure that I see 
it as an ASIC replacement. My guess is 



that it's less silicon-efficient than 
other structured- ASIC choices. In fact, 
eASIC may win more business as an IP 
(intellectual-property) provider of 
configurable- logic blocks to other IC 
vendors than as a fabless semiconduc- 
tor company. The company's greatest 
success story to date came through a 
customizable IP block that it sold to 
STMicroelectronics, which used the 
eASIC IP to make a cell-based SOC 
design customizable. 

At the end of the day, all of the ana- 
lyst projections for declining ASIC 
starts and all of the structured- ASIC 
players rely on a common theory. Pre- 
sumably, the move toward SOCs — 
more specifically, more functions inte- 
grated on a single die — requires that 
mainstream ASIC designs — or struc- 
tured-ASIC designs replacing cell- 
based ASICs — must move down the 
Moore's Law curve to 90-nm and finer 
geometries. But do they? Clearly, 
examples exist of SOCs at the 180-nm 
node. I recently visited with Fujitsu, 
and the company's most recent high- 
profile product launch is an SOC for 
WiMax applications. Fujitsu produces 
that chip in a 180-nm process, although 
the company is eyeing 90 nm for the 
next-generation chip. 

In the past, almost all chip designs 
moved through process reductions to 
lower cost through smaller dice while 
realizing performance gains and reduc- 
tions in power. Today, only truly high- 
volume ICs, extremely large dice, or 
both realize a cost benefit from a 90-nm 
process and 300-nm wafers. Most ASIC 
designs today are at 180-nm and less 
dense geometries. These less dense 
ASICs have driven the recent peak in 
ASIC design starts. I believe that most 
ASIC designs will stay at these rela- 
tively low-cost geometries unless per- 
formance mandates a different choice. 
The payoff is in both affordability of the 
design upfront and fewer problems with 
static power consumption due to cur- 
rent leakage. That potential payoff may 
yet make those ASIC-design-start 
graphs look vastly different. EDN 
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Intersil Hiah Soeed Op Amps 



High Performance Analog 



Intersil Op Amps 
Bring Video To Life 

Amp up your video applications with the 
latest High Speed Op Amps, including the 
industry's first Triple 1GHz Current 
Feedback, the industry's fastest Amplifier in 
an SC-70 package, and a Voltage Feedback 
with over 700MHz of available bandwidth. 



Datasheet, free samples, and more information 
availableatwww.intersil.com ^ 




World's Fastest and Only Triple 1GHz 
Current Feedback Amplifier 

^ Handles ultra-high resolution video with 

room to spare 
^ IGHzgainof 1 bandwidth 
^ 800MHz gain of 2 bandwidth into a 

150Q load 
^ 6000V/ps typical slew rate 
^ 8.5mA per channel supply current 



World's Fastest Amplifier in a Tiny SC-70 Package 

Get blazing speed in a tiny package. The EL5167 allows you to significantly reduce board size 
by packing 1 .4GHz performance in an SC-70 package. The EL5167 is the smallest and fastest 
high speed amplifier available with a scant 9mA power consumption. 



EL5367 



1.4GHz bandwidth 

6000V/MS slew rate 

Less than 9mA 
power consumption 



Part No. 


#of 
Amps 


BW 
(MHz) 


SR 
(V/MS) 


Is 
(mA) 


Av 
(min) 
(V) 


if 


VoUT 
(V) 


Vos 
(max) 
(V) 


EL5160/1 


1 


200 


1700 


0.7S 


1 


70 


±3.4 


S 


ELS 162/3 


1 


SOO 


4000 


1.S 


1 


100 


±3.6 


S 


ELS 164/5 


1 


600 


4700 


3.S 


1 


140 


±^5 


3.S 


1 ELS 166/7 


1 






m 


1 






s 


ELS260/1 


2 


200 


2000 


0.75 


1 


70 


±3.4 


s 


ELS262/3 


2 


SOO 


2S00 


1.S 


1 


100 


±3.6 


s 


ELS462 


4 


SOO 


2S00 


1.S 


1 


100 


±3.6 


s 



Part No. 


BW 
(MHz) 


SR 
(V/MS) 


Is 
(mA) 


Av(min) 
(V) 


loUT VoUT 

(mA) (V) 


ELS360 


200 


1700 


0.7S 


1 


70 ±3.4 


ELS362 


SOO 


2S00 


1.S 


1 


100 ±3.6 


E^364 


600 

iBBBI 


4200 


3.S 

m 




140 ±^ 



Get Current Feedback Performance with Voltage Feedback Control 

Intersil's EL5104 eliminates that nasty tradeoff between ease of use, DC accuracy, and pure 
speed. We've pushed the usability scale up to and above 700MHz with virtually unlimited slew 
rate, almost zero overshoot, and low power consumption. Ground-breaking EL5X0X family of 
Voltage Feedback Amplifiers provides unmatched AC performance in this architecture. Use in 
place of any current feedback amplifier. 



Vos 



Read more about the "Best Video 
Op Amp" in analogZONE's 2004 
Products of the Year awards at 
www.analogzone.com ^ 



^ Virtually unlimited 
slew rate 

^ 700MHz gain of 1 
bandwidth 

^ Almost zero 
overshoot 

^ Low power 
consumption 



Part No. 


#of 
Amps 


BW 
(MHz) 


SR 

(V/MS) 


vn 

(nV/V Hz) 


Is 

(mA) 


IQUT 
(mA) 


VoUT 
(V) 


(max) 
(V) 


ELS100/1 


1 


300 


2200 


10 


2.6 


100 


±3.4 S 


ELS 102/3 


1 


400 


2200 


6 


S.2 


ISO 
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Advanced Topics in Powering FPGAs 

— By Tushar Dhayagudcy Marketing Manager^ Power Management Products 




Application 


Input Voltage/ 
Source 


Space 
Constraint 


Operational 

and Light Load Efficiency 


Battery Operated/ 
Portable 


1.8V to 5.5V 
AA batteries, 
Lithium Ion cells 


Severe 


High efficiency, 

low quiescent current 


Consumer 
(DVD, Set-top 
Boxes, DVR) 


4.5V to 36V 
Wall-plug 


Moderate 


Low operating efficiency 
acceptable 


Automotive 


7Vto 45V 
Battery 


Minimal 


Low quiescent 
current 


Networking 

(Routers, 

Switchers) 


3.3V to 12V 
Brick output 


Moderate 


Moderately high 
efficiency 


Industrial 
(Automation, 
Process Control) 


12V to 36V 


Minimal 


Low 



Table 1. Power Requirements for Popular FPGA Applications 

FPGAs have established themselves as the most flexible and reconfigurable 
intelligence in applications from networking and telecommunications 
equipment to industrial and automotive segments. More recently FPGAs 
have proliferated into consumer devices such as set-top boxes, DVD recorders, 
and video games. But future growth in FPGA usage will come from their adop- 
tion into portable devices such as GPS, medical, instrumentation, and 
consumer devices. 

Why are the designers of portable and handheld devices turning to FPGAs 
now? It is because, as process technology has improved, manufacturers have 
made huge strides in reducing the power consumption, cost, and footprint of 
FPGAs. But as FPGAs proliferate into portable devices, power management 
becomes an increasingly challenging issue from a system perspective. 

Power supply requirements are important because issues such as input voltage 
source, complex start-up conditions, transient response, sequencing, have to be 
addressed. Multiple voltages are required to power an FPGA: "Core" voltage 
(0.9V to 2.5V), I/O voltage (2.5V to 3.3V) and another low-noise, low-ripple 
voltage for auxiliary circuits (2.5V or 33V typ.). Furthermore, when FPGAs 
operate from batteries, system efficiency and battery life become crucial. 
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Dual 600 mA Step-Down DC-DC Converter with 
I^C Interface 



Highest Efficiency LM3370 Maximizes Processor Performance through Dynamic 
Voltage Scaling 



Features 

• Highest efficiency: PFM-PWM mode 
control, 85% at 500 \\A, >90% at 200 mA 

• I^C interface for dynamic voltage scaling, 
mode control, on/off functions 

• Lowest Iq in the industry (<20 pA) enables 
longer standby times 

• Independent mode switching between 
auto and forced PWM mode 

• Two enable pins for power sequencing 

• Spread spectrum function to reduce 
switcher noise — ideal for RF systems 

• Power-on-reset to protect the end 
application from sudden power losses 

• V||\|: 2.7V to 5.5V, Vgur I^C programmable 

• Integrated solution for optimal solution size 

Applications 

Ideal for low-power FPGAs, CPLDs, and 
applications processors 



Product Highlight: 

Highest efficiency maximizes battery 
life and PC voltage control enhances 
processor performance 



LM3370 Efficiency Curve 
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POWER I designer 

Advanced Topics in Powering FPGAs 



We discussed some of the basics of powering 
FPGAs in Power Designer #102'. Now we will 
examine some advanced topics in FPGA power 
management with a special focus on portable 
systems, including: 

• System-level challenges in powering FPGAs 
in portable devices 

• Monotonic rise of core voltage 

• Voltage scaling and back body biasing of FPGAs 
to improve efficiency 

System-Level Challenges 

Irrespective of the FPGA being used, the end system 
dictates the power supply challenges. For example, 
in a DVD recorder with satellite broadcast, dozens 
of power rails may be required in addition to pow- 
ering the FPGA. In such a system, power supply size 
and efficiency may not be a premium, but very low 
cost is. Conversely, in battery-operated systems, 
efficiency overrides all other requirements. Table 1 
shows some popular end applications for FPGAs 
and their power challenges. 

In portable devices, efficiency during both active 
and stand-by modes of operation is of paramount 
importance. Efficiency directly affects battery life 
and the duration of usable operation. The input 
voltages for battery-powered systems range 
anywhere from 1.8V to 5.5V The most common 
sources of power are either 2 AA or single Li-Ion 
cell batteries whose voltage ranges from 3V to 
4.2V Operating currents are typically less than 
1.5A, with most applications requiring less than 
600 mA. Although there are general guidelines for 
using the right step-down solution for powering 
FPGAs (See Power Designer #102'), portable 
devices mandate that high efficiency be maintained 
even during standby to extend battery life. 

For portable systems, the synchronous buck 
DC-DC converter is the ideal solution for powering 
the FPGAs even at lower load currents. But in an 
ordinary DC- DC converter the efficiency at light 
loads suffers greatly. This is not important if the 
load is either "full power" or completely ojff, since 



the converter can be disabled. But when 
powering an FPGA which has power-on standby 
states, the converter needlessly dissipates power by 
continuing to switch at the same high frequency 
required to produce maximum power. In portable 
systems, it is important to use a converter that 
transitions to a pulse-skipping or Pulse Frequency 
Modulation (PFM) scheme. 

A typical fixed frequency synchronous step-down 
converter always runs at a fixed frequency in a 
continuous conduction mode, whereas a converter 
in PFM mode transitions to a variable frequency, 
fixed on- time operation as the load current decreases, 
and operates in a discontinuous mode to reduce 
switching losses. 

Internal to such a converter is a comparator that 
samples the output voltage V^ at a fixed frequency 
^PFM compares it to a reference voltage Vj^p. 
When Vq is less than Vj^p, the converter generates 
a fixed on-time pulse through the PWM to charge 
the output capacitor. 

Efficiency vs Load Current 



Best light load 
efficiency >85% 
efficiency under 
normal operating 
conditions 




20 I ^ J 

0.01 0.10 1.00 10.00 100.00 1000.00 

Load Current (mA) 

Figure 1. Plot from Device with PFM Shows 
High Efficiency Across All Loads 

PFM operation continues until the output current 
rises above a certain threshold, at which point normal 
PWTV[ operation is resumed. There are two main 
advantages of PFM operation at light loads. One is 
that the supply current of the DC-DC converter is 
greatly reduced as much of the internal circuitry is 
turned off during PFM. Another is that the switching 
losses of the output stage are minimized because it 
switches only when required, (see Figure 1) 



' See Power Designer #102 at power.national.com/designer 
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PWI 1.0-Compliant Energy Management Unit for 
PowerWise"" Adaptive Voltage Scaling 



LP5550 Digitally Controlled PowerWise™ Energy Management Unit for Reducing 
Processor Power Consumption 



VBAT 



LP5550 EMU 



Switching Regulator 
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LP5550 Typical Application 



Core Voltage Supply 

• Advanced slew-rate control 

• Digitally controlled switching regulator 

• Optimized for adaptive voltage scaling 



Memory Retention 

• Tracks core voltage in 
active state 

• Holds memory retention 
voltage in sleep state 



I/O and PLL Supplies 

• Voltage for I/O and PLL 

• Programmable voltage 



SCLK 



SPWI 



PowerWise™ Interface 

• Open standard interface for 
advanced power management 

• Supports dynamic and 
adaptive voltage scaling 



System-on-Chip 



Embedded memory 



PLU Reference OSC 



Processor core 



Hardware 

Performance 

Monitor 



Housekeeping 
functions, RTC, 
wakeup control, etc. 



Advanced Power 
Controller (APC) 



Other inl 
functions 



PWI Master 



] 



GNDl 



LP5550 Features 

• High-efficiency PowerWise™ energy manage- 
ment unit (EMU) for adaptive voltage scaling 
(AVS) 

• Compatible with National's PowerWise 
advanced power controller technology for 
minimizing processor power consumption 

• PW1 1.0 open standard interface compatible 

• Reduces power consumption of digital 
processors by up to 70% 

• 3 Programmable LDOs for I/O, PLL, and 
memory retention supply generation 

Available in an LLP-16 package fpATr^^ 



Ideal for use in cellular handsets, handheld 
radios, cameras, PDAs, battery-powered 
devices, and portable instruments 
supplies 



Product Highlight: 

Digitally-controlled LP5550 reduces power 
consumption of processors and extends 
battery life of handheld consumer products 
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The FPGA power designer should choose the power 
management IC that allows efficient operation in 
both full load and light load operation. In addition 
to this, a part with a low quiescent current should 
be chosen to minimize power loss during standby 
modes. 

Monotonic Rise of Core Voltage 

Several FPGAs, ASIC cores, and even processors 
retain some voltage potential in shutdown. This 
gives rise to a pre-biased condition where the power 
converter starts up into this voltage, Pre-biasing 
can cause initial undesirable changes in the voltage 
of a converter that is not designed to handle such a 
load. In particular, it is undesirable for the 
pre-existing voltage to cause the output voltage of 
the converter to droop during turn on. The power 
supply voltage must rise steadily and gradually 
until eventually stabihzing at its nominal value. 
This is called a monotonic voltage rise and is 
necessary for the internal elements in the FPGA to 
turn on properly. As these elements are turning on 
during the ramp-up period, the "load" to the power 
supply will not be constant, so it is important that 
the converter chosen regulates its output voltage 
not only during the steady state but also during 
ramp up. There are two approaches to ensuring a 
monotonic rise of the voltage. 

• One is to increase the bulk capacitance of the 
converter sufficiently to hold enough charge on 
the output so that the voltage does not droop dur- 
ing turn on. The additional bulk capacitors in this 
approach increase both the cost and the footprint. 



Droop vs Monotonic 




Figure 2. 

Comparing Non-Monotonic Rise vs Monotonic Rise 



• Another approach is to disable the low-side 
MOSFET of the synchronous converter and 
monitor the switching node voltage during the 
off-time of the high-side MOSFET The IC 
remains in pre-biased mode until it detects that 
the switch node (the point at which the output 
inductor is connected to the two MOSFETs) 
stays below OV during the entire high-side 
MOSFETs off- time. Once this condition is 
detected, the low-side MOSFET is allowed to 
start switching. 

Figure 3 shows the switch node as well as the high- 
side and low-side gate signals during pre-biased 
startup in a typical synchronous converter. The 
pre-biased output voltage should not exceed the 
sum of the supply and gate threshold voltages of 
the high-side MOSFET to ensure that this device 
is able to switch during startup. 
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Figure 3. 

Switching Waveforms During Monotonic Rise of Outputs 



Voltage Scaling to Improve Efficiency 

FPGAs are essentially CMOS devices, which scale 
with advances in process technology. As device 
geometries scale below 90 nm and operating 
frequencies increase, both dynamic and static power 
consumption become more important. Current 
approaches to FPGA design do not allow for easy 
reduction of dynamic or static power, although 
possible theoretically 
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SOT-23 Synchronous Constant-on-Time 
Switching Controller 



High-Efficiency LIVI1770 Synchronous Controller for Low-Voltage 
DC-DC Conversion 



LM1770 Features 

• Adaptive On-Time Control topology requires 
no compensation components 

• Synchronous operation: High-side PFET and 
low-side NFET enables higher-efficiency 
and reduced power-dissipation 

• Fast-transient response allows for lower 
values of capacitors 

• Low input voltage of 2.8V to 5.5V; Ideal for 
point-of-load applications 

• Three versions of adaptive on-time allows 
for selection of operating frequency 

• Available in S0T23-5 packaging for /^T^Tfji^ 
space-constrained applications ^^^52:^£f/ 

Ideal for point of load regulation in consumer 
applications, set-top boxes, cable modems, 
digital video recorders, printers, servers, and 
point-of-sale terminals 



Product Highlight: 

Simplest synchronous controller for up 
to 5A digital loads 




LM1770 Typical Application Circuit 



Complementary 
Drivers 



-f OV|N 



-OVouT 



Down to 0.8V 



Synchronous operation 
enables higher efficiency 



No external compensation required 
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Dynamic power can be expressed in terms of switch- 
ing FPGA activity A^, capacitance G frequency /and 
supply voltage 



DYNAMIC ~' 



' DD 



The static or leakage power consumption is due to 
sub- threshold leakage current /^^^, drain-body junc- 
tion leakage current Ij, and source-body junction 
leakage current and is given by 

^STATIC = Voolsub + \Vbs\Oj + kl 

where is the body bias voltage. 

Manufacturers of portable power systems have 
realized that the desired small size and long run 
time requirements of their equipment cannot be 
met by increasing the energy density of batteries or 
improving the power delivery efficiency. For such 
advanced systems, "Dynamic or Adaptive Voltage 
Scaling" and "Back Biasing" are essential to reduce 
processor power. The core concept is derived from 
the equations presented above. The way to reduce 
dynamic power consumption in a processor is not 
only to lower the clock frequency as much as 
possible, but to also reduce the core supply voltage 
to the minimum value for a given clock frequency. 
This open-loop technique is called Dynamic 
Voltage Scaling (DVS). Adaptive Voltage Scaling 
(AVS) is a closed-loop control technique, which 
provides substantial improvement to Dynamic 
Voltage Scaling (DVS). AVS simplifies voltage 
scaling by inherently compensating for process and 
temperature variations and eliminating the need 
for a frequency vs supply voltage table used in 
DVS. The FPGA or digital processor uses a 
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1 Hardware ^^^H 
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hardware performance monitor that communicates 
with the power controller through an open-indus- 
try standard PowerWise™ Interface (PWI) and 
operates at an absolute minimum supply voltage 
over all operating frequencies. Figure 4 shows an 
implementation of advanced voltage scaling. 

Back biasing a circuit such as one in Figure 5 applies 
-0.8V to -1.5V to the body of the devices, increasing 
the threshold of the devices and reducing the 
sub-threshold leakage, thus lowering static power 
consumption. 



( t3.3v y 



C25 
1u 



D18 
BAT54 



R13 

-AW 
IQOK 



sw 


Boost 


Vin 


GND 


EN 


FB 



T 



LIS 

27u 



U13 
LM2734-Y 



"XT 



R25 
2.49K 



1 



D13 
B130 



R20 . 
10.0k 



-O 

GND 



CIS 
22u 



Figure 4. Implementing Advanced Voltage Scaling 
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Figure 5. Circuit that Generates a Negative Voltage to Back 
Bias FPGAs 

Conclusion 

FPGAs are proliferating rapidly into portable 
devices. Beyond the basic issues of correctly power- 
ing FPGAs, efficiency and battery hfe also need to 
be considered. Typically, step-down regulators with 
provision for high light-load efficiency are best 
for powering these FPGAs in portable systems. 
To further improve efficiency significantly, 
techniques such as adaptive voltage scaling should be 
implemented. As devices scale downward of 90 nm, 
managing static power becomes equally important 
due to the rise in leakage currents in the ICs. The use 
of innovative back-biasing power management ICs 
is suggested to reduce sub-threshold leakage and 
static power. Furthermore, pre-biased loads may 
exist on the FPGAs during start-up. To ensure 
monotonic rise of the core voltage is important for 
their proper functioning, power management ICs 
that start-up properly into pre-biased loads should 
be used. ■ 
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WEBENCH® Online Design Environment 

Our design and prototyping environment simplifies and 
expedites the entire design process. 

1. Choose a part 

2. Create a design 

3. Analyze a power supply design 

- Perform electrical simulation 

- Simulate thermal behavior 

4. Build it 

- Receive your custom prototype kit 24 hours later 
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to maintain signal integrity from 3mm to 3 meters 

with a wide variety of high speed interconnects and signal integrity services, 
to go from 3mm to 30mm 

with Q Series® high speed interconnects and DP Array™ high density arrays, 
to go from 30mm to 60mm 

with high speed RiseUp® elevated board-to-board systems, 
to go from 60mm to 200mm 

with high speed Flex Data Links and Custom Flex capabilities, 
to go from 200mm to 3 meters 

with High Data Rate Twinax & Coax, Data Rate I/O and RF cable assemblies, 
to find out more 

about signal integrity from 3mm to 3 meters at www.samtec.com/easy 
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SUDDEN SERVICE 



Amplifiers to ADCs, 




analog is everywhere: 



Shanghai to San Jose, analog is everywhere. 




Analog— setting designs apart 

In today's digital world, it's analog perfornnance that helps create a great user experience. In fact, as 
designs go nnore digital, engineers rely nnore on analog functionality to bring their designs to life. 

And the nnost trusted connpany for bringing analog technology everywhere is Analog Devices. 

For exannple, when it connes to data converters and annplifiers, nnore engineers specify ADI than any 
other brand. What's nnore, our in-depth expertise across a nnultitude of analog technologies— including 
power, RF, and MEMS— helps optinnize perfornnance in countless applications, fronn autonnotive GPS 
and advanced TV to MPS and nnedical innaging equipnnent. 

For nnore than 40 years, ADI has been delivering innovative, reliable analog solutions that meet the 
nnost dennanding perfornnance and budget requirennents. 

Celebrate the analog world. Order your free "analog is everywhere" poster. 



www.analog. com/everywhere 



□ ANALOG 
DEVICES 




. . . Everywhere in Automotive 




Take the easy road ahead to 
successful automotive designs with 
Atmel's dedicated IC solutions. 

From body electronics, chassis, automotive 
security and safety car infotainment to power train - 
Atmei, the automotive speciahst, has more than 
20 years of automotive electronics design expertise 
and is a market leader in numerous areas. 

Our certified devices support key appUcation 
areas from flashers, drivers, door modules to Ughting, 
sensor acquisition, and networking, just to name a 
few But that's not aU! If you're looking for complete 
system solutions such as tire-pressure monitoring, 
car access, GPS systems and car radio, we're right 
there with you too. 



Adding our high-performance microcontroUers, 
including AVR® and ARM®, and memories, Atmel can 
support your toughest requirements. We can also help 
you as a development partner with a broad range of 
dedicated ASICs based on InteUectual Property (IP). 

When it comes to technology we've reaUy got you 
covered. With dedicated technologies and quahfled 
fabs, our high-end products meet the strict 
automotive quahty demands. 

So whether ASSP or ASIC, Atmel is by your side 
every step of the way Design-ins are supported by a 
fuU range of kits, software and other tools. If you are 
looking to improve your next automotive design, 
check out why Atmel is Everywhere in Automotive. 



Check out Atmel's Automotive products today at www.atmel.com/ad/automotive 



ASSPs (Chassis, Body Electronic, Security, 
Safety, Car Infotainment, Safety, Power Train) 


Microcontrollers 

(ARM®, AVR®, MARC4,80C51) 


ASICs 


Networking (CAN, VAN, LIN, FlexRay™) 


Memories 


Sensors Acquisition 



Our fabs are qualified: 
ISO 9001:2000 
ISO TS 16949:2002 
ISO 14001:1996 
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Everywhere You Are® 
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INNOVATIONS & INNOVATORS 



Popular benchtop-DMM line 
offers expanded capabilities 



Agilent has enlarged its family of DMMs and DVMs. The 3441 OA, 3441 1 A, and 34405A 
widen the range of price and performance choices in the company's DMM line, expand- 
ing on the popularity of the industry-standard 34401 A. The 3441 OA and 3441 1 A 6.5- 
digit meters provide greater reading speeds and system throughput, achieving more than 50 
times the reading rate of the 34401 A. 

The 3441 OA and 3441 1 A, which offer expanded connectivity through USB, LAN, and lega- 
cy IEEE 488 ports, comply with LXI (LAN extensions for instrumentation) Class C. The units 
also offer more measurement functions, expanded measurement ranges, more precise trigger- 
ing, and as much as 1 Mbyte of reading memory The 5.5-digit 34405A DMM, says a spokesman, 
offers a new level of performance in its category as well as PC-standard connectivity 
"The 34401 A has been very popular since its introduction in 1991, primarily because of its re- 
liability ease of use, and exceptional value," says Scott SampI, vice pres- 
ident and general manager of Agilent's System Products Division. 
The $1595, 6.5-digit, dual-display 3441 OA benchtop DMM is 
compatible with the Agilent Open System framework. The in- 
strument, which is available now, takes 1 0,000 readings/sec 
at 5.5-digit resolution and measures dc and ac voltage and 
current, resistance, capacitance, frequency and temperature. 
Accuracy at low and high frequencies is better than that of 
earlier-generation instruments. The unit has data-logger ca- 
pability with storage of as many as 50,000 readings, and LAN, USB, 
and IEEE 488 connectivity. 

The $ 1 995, 6.5-digit, dual-display 344 1 1 A benchtop DM M is also 
available now and is compatible with the Agilent Open System frame- 
work. The unit offers better performance than that of the 3441 OA. 
Additional features include reading rates as great as 50,000/sec at 
4.5 digits, 1 Mbyte of reading memory level triggering, pretriggering, 
and post-triggering. A peak-detection feature measures the ampli- 
tude of pulses as short as 20 [xsec. High acquisition speeds allow 
the instrument to catch peaks that previous-generation instruments would often miss. 

The 5.5-digit, dual-display 34405A benchtop DMM has standard PC-I/O capabilities. It will 
sell for less than $1 000 and should become available in early 2006.— by Dan Strassberg 
>Agi lent Technologies, www.agilent.com/find/34410A and www.agilent.com/find/3441 1A. 




The 6.5-digit 34411 A of- 
fers reading rates as great 
as 50,000/sec at 4.5 dig- 
its, 1 Mbyte of reading 
memory, level triggering, 
and pretriggering and 
post-triggering. 



a FEEDBACK LOOP 

"It isn't only ham-radio operators that suffer: Broadcasters 
do, too, and, in Europe, are none too pleased with the 
idea! Tm both a ham and a listener to 'steam' radio and 
lose out on all counts. What's wrong with ADSL/ADSL2?" 

Michael Dixon in EDM's Feedback Loop at www.ecln.conn/article/CA6280032. Add your connments. 



EDA tool adds 
pc-board-layout, 
FPGA-design features 

Mentor Graphics has bundled 
some of its PADS and VeriBest pc- 
board-design software with some 
of its other legacy pc-board tools 
and added new team-collaboration 
software to come up with its new 
Expedition Enterprise flow. "We've 
created this core flow to design 
any pc board," says David Wiens, 
business-development director for 
Mentor's pc-board division. "In addi- 
tion, we integrated many of our 
tools to create an overall enter- 
prise-design file." Mentor built the 
Expedition Enterprise flow onto the 
company's DMS (data- manage- 
ment system) for building and stor- 
ing library and design data and 
sharing with large PLM (product- 
life-cycle-management) tools and 
thus the rest of the enterprise. 

The company has also intro- 
duced a constraints-editor system 
that allows disparate groups to col- 
laborate to create and edit design 
constraints and come up with BOM 
(bill-of-materials) costs to share 
with management and parts-pro- 
curement teams. Mentor has also 
modified several of its design tools, 
including HyperLynx and ICS (inter- 
connect-synthesis) Pro Explorer for 
prelayout and signal-integrity analy- 
sis, respectively; I/O Designer for 
FPGA and pc-board integration; 
DXDesigner for design definition; 
and PCB Planner for design reuse, 
variant management, and floorplan- 
ning. Wiens says that designers can 
use third-party tools, but doing so 
sacrifices a lot of the collaboration 
abilities Mentor has woven into its 
product— by Michael Santarini 
►Mentor Graphics, www. 
mentor.com. 
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12.5-Gbps serial BERT 
characterizes jitter 



Agilent has announced a 
high-performance seri- 
al BERT (bit-error-ratio 
tester) with jitter-generation 
capabilities for jitter-tolerance 
testing of serial devices at 
speeds to 12.5 Gbps. The 
N4903A J-BERT provides jit- 
ter-tolerance testing for fast, 
high-quality characterization of 
next-generation serial devices. 

According to Agilent, indus- 
try experts expect the next 
generation of high-speed seri- 
al-bus standards with data 
rates of 5 Gbps and more to 
emerge by 2006. The increas- 
ing speed will cause significant 
signal-integrity and jitter is- 
sues during the design and 
test of new serial-bus devices. 
In addition, new transmission 
techniques, such as spread- 
spectrum clocking, will make 
characterizing device perform- 
ance more difficult and time- 
consuming. 

The N4903A complies with 
the latest serial-bus standards 
and provides calibrated jitter- 
composition measurement and 
automated jitter characteriza- 
tion in a single box. The unit 
provides complete calibrated 
jitter-composition measure- 
ment for stressed-eye testing 
of receivers. Automated and 
compliant jitter-tolerance test- 
ing covers popular serial-bus 



standards, such as PCI 
Express, SATA (serial ad- 
vanced-technology attach- 
ment). Fibre Channel, FB- 
DIMM (fully buffered dual-in- 
line-memory module), CEI 
(common electrical interface). 
Gigabit Ethernet, and XFP 
(10-Gbps small-form-factor 
pluggable module). 

"Jitter-tolerance testing is 
the most complex and time- 
consuming measurement that 
design teams of next-genera- 
tion serial devices have to deal 
with," says Siegfried Gross, 
vice president and general 
manager of Agilent's Digital 
Verification Solutions Division. 
Agilent spokesmen claim that 
the unit is the first and only 
complete, one-box jitter-toler- 
ance tester. 




The N4903A J-BERT can completely, automatically, and quantita- 
tively characterize jitter in serial-data streams to 1 2.5 Gbps. 



The Agilent N4903A high- 
performance serial BERT in- 
cludes built-in, automated, cal- 
ibrated, and compliant jitter- 
tolerance testing with sources 



m FEEDBACK LOOP 

"Another 'dirty old man' of electron- 
ics, dithering does not reduce the 
impact of interference to many 
users of the spectrum. It worsens it 
for many. The local noise floor had 
risen by 20 dB in recent years, 
mainly due to incompetently 
'designed' power supplies in TVs 
and other domestic units." 

Alan Melia in EDN's Feedback Loop at www.edn. com/article/ 
CA6262536. Add your connnnents. 
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of intersymbol and sinusoidal 
interference, as well as period- 
ic, random, and bounded, un- 
correlated jitter. These capabil- 
ities enable fast, precise 
stressed-eye testing with more 
than 50% eye closure. 

The instrument fully sup- 
ports serial buses' complex 
data patterns. With the bit-re- 
covery mode, it can analyze 
unpredictable traffic, enabling 
more realistic test scenarios. 
A new pattern sequencer 
speeds test development by 
simplifying the setup of com- 
plex training sequences. Other 
features include built-in clock- 
data recovery; new subrate- 
clock outputs; spread-spec- 
trum clocking, which signifi- 
cantly simplifies the clock set- 
up; and accurate characteriza- 
tion with the cleanest eyes, 
20-psec transition times, and 
50-mV analyzer sensitivity. 
Prices start at $120,000 for 
the 7-Gbps version and 
$160,000 for the 12.5-Gbps 
version.-by Dan Strassberg 
t>Agilent Technologies, 
www.agilent.com/find/ 
n4903. 
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Rugged, Reliable, 
and Ready-to-go 

Based on the Embedded 
Platform for Industrial 
Computing (EPIC), the EPX-C3 
combines the processor and I/O 
functions required for medical, 
transportation, instrumentation, 
communication, MIL /COTS, 
security, and other demanding 
applications. 

Fanless 733MHz C3 Processor 
Up to 2GB Flash memory 
4x AGP CRT/LCD controller 
10/100 Mbps Ethernet 
USB 2.0 support 
4 COM channels 
24 Digital I/O lines 
EIDE, FDC, and Kybd controllers 
PC/104 & PC/104-P/us expansion 
-40°C to +85°C operation 
Size: 4.5"x 6.5" (115mm x 165mm) 
Quick Start Developers kits for Windows® 
XP, CE, and Linux 

Profit from our proven experience. We 
look forward to the opportunity to dem- 
onstrate how our success in the industrial 
market can work for you. 



Call 817-274-7553 or 

Visit www.winsystems.cofn 

Ask about our 30-day 
product evaluation! 



WinSystems' 



epic 



t Microsoft* 
Windows* 
» Embedded 



Platinum Vendor I 



6 




715 Stadium Drive • Arlington, Texas 76011 
Phone 817-274-7553 • FAX 817-548-1358 
E-mail: info@winsystems.com 
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FPGA physical-synthesis tool 
knows the fastest routes 



Synplicity boasts that its 
new graph-based FP- 
GA physical-synthesis 
tool uses inside knowledge of 
FPGA architectures to deliver 
a 5 to 20% performance im- 
provement over the company's 
popular logic-synthesis tool. In 
addition, the company claims, 
90% of all routed nets fall 
within 1 0% of final timing cor- 
relation. The new tool, Synplify 
Premier, will replace the com- 
pany's Amplify physical-syn- 
thesis tool and become Syn- 
plicity's top-of-the-line FPGA- 
synthesis tool. 

The key to the tool's per- 
formance boost is its graph- 
based physical-synthesis en- 
gine, says Jeff Garrison, the 
company's director of FPGA- 
product marketing. Because 



FPGAs are prerouted, they 
limit the paths you can take 
between two functions. Syn- 
plicity has turned that architec- 
tural shortcoming into a design 
advantage by doing detailed 
analyses of the interconnect 
within certain FPGA families. 
Garrison says. Synplify Pre- 
mier's graph-based engine has 
access to that information, 
which it uses to accurately find 
the fastest route to intercon- 
necting blocks within the FPGA. 

Most FPGA physical-syn- 
thesis routers use proximity- 
based techniques originally 
designed for ASICs. Proximity- 
based routers attempt to place 
functions next to or close to 
each other to reduce the 
length of the interconnect. 
"But, in an FPGA, placing one 



function right next to another 
function may not be the fastest 
route between the two func- 
tions," Garrison says. "It's like 
commuting to work: You 
sometimes drive a bit out of 
the way to get to work faster." 

In addition, users of Synplify 
Premier need not synthesize 
and floorplan their designs if 
their designs consist entirely 
of synthesizable RTL code. 
Users can feed the tool RTL 
code, push a button, and 
watch the tool find the opti- 
mum floorplan, placement, 
and routing. The tool concur- 
rently performs synthesis, 
floorplanning, placement, and 
prerouting, and the vendor's 
proprietary router performs 
detailed routing. However, de- 
signers who are using a hard 
or a firm macro or who want to 
tweak the layout must buy the 
DesignPlanner floorplanning 
add-on, which costs $15,000 



to $29,000 more than the 
$34,000 to $74,000 cost of 
Synplify Premier. 

The top-of-the-line version 
of Premier also features a 
built-in version of Synplicity's 
Identify debugging engine and 
a scaled-down version of the 
company's Certify ASIC-pro- 
totyping tool. The scaled-down 
prototyping technology allows 
users to create ASIC proto- 
types on a single FPGA. This 
creation includes most FPGA- 
prototoyping projects, accord- 
ing to Garrison, because many 
users employ a single FPGA 
to test new functions they plan 
to add to a design previously 
implemented in an ASIC. 
Users will need full-blown 
Certify if they want to proto- 
type ASIC designs in more 
than one FPGA. 

-by Michael Santarini 
oSynplicity, www.synplicity 
com. 



Flash, 8-bit processor 
targets motor control 



Zilog's Z8 Encore! MC family 
of 20-MHz, 8-bit flash micro- 
controllers targets sensorless 
BLDC (brushless-dc) and ac- 
induction motor-control appli- 
cations. The eight-channel, 
10-bit ADC samples in 2.5 
|jLsec and can couple a time- 
stamp feature with the three- 
phase, six-channel, 12-bit 
PWM-output module to enable 
accurate speed control. An- 
other feature is direct routing 
of the current-sensing module 
to the PWM module to enable 
fast shutdown of the system 
during an overcurrent fault. 
The first three devices in this 
series, the Z8FMC04100, 
Z8FMC08100, and Z8FMC- 
16100, each offer 512 bytes 
of RAM with 4 to 1 6 kbytes of 
on-chip flash memory. 




1^ 



The MC family of 20-MHz, 8-bit 
flash microcontrollers targets 
motor-control applications. 

The 5X5-mm, 32-pin QFN 
package integrates an opera- 
tional amplifier; an analog 
comparator; and a 2%-accu- 
rate, 5.53-MHz internal oscil- 
lator in packages that support 
standard to 70°C and ex- 
tended -40 to +105°C tem- 
perature ranges. These de- 
vices are available now as 
standard-temperature devices 



for $2.26 to $2.50 (5000). 
Zilog offers internal factory 
programming for these de- 
vices. Third-party program- 
ming support includes BP 
Microsystems (www.bpmicro. 
com), Hi-Lo Systems (www. 
hilosystems.com.tw), and Data 
I/O (www.dataio.com). Zilog's 
motor-control-specific devel- 
opment-tool suite retails for 
$199.95, and it includes a 



BLDC motor, an application 
board, ZDS II with a full ANSI 
C compiler, motor-control soft- 
ware code, and an optoisolat- 
ed USB smart cable for de- 
bugging and programming. A 
$1999 in-circuit-emulator kit 
includes package adapters 
and event-trace functions. 

—by Robert Cravotta 
Zilog, www.zilog.com. 



Q] FEEDBACK LOOP 
"It is hard to believe that, in this tech- 
nological world, we are considering 
such a 'Stone Age' solution. The radio 
spectrum is part of the environment 
and, as such, is a limited resource. 
Once it is rendered unusable, it will 
be, like the rain forest, very difficult to 
recover." 

Alan Melia in EDM's Feedback Loop at www.edn.conn/article/ 
CA6280032. 
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QUESTA GIVES YOU THE POWER OF INTEGRATED 
VERIFICATION AND PUTS YOU IN CONTROL 







Questa'' Verification Platform 

You could get carried away with the 
confidence our verification solution inspires, 
but try not to let it go to your head. 
Mentor Graphics® Ouesta platform is the 
industry's standards-based, single-kernel 
verification solution that integrates HDL 
simulation, assertion-based verification, 
testbench automation, coverage-driven 
verification and transaction level-modeling. 
Ouesta's unparalleled language support, 
including SystemVerilog, is critical for the 
advanced verification of today's most 
complex designs. But remember, just 
because you can now tackle a faster way to 
reach critical verification closure than 
other methods, it doesn't mean you're 
invincible. Raise your verification confidence 
to new levels. Visit our website 
at www.mentor.com/products/fv or 
call 800.547.3000. 



DESIGN FOR MANUFACTURING + INTEGRATED SYSTEM DESIGN 
ELECTRONIC SYSTEM LEVEL DESIGN + FUNCTIONAL VERIFICATION 



THE EDA TECHNOLOGY LEADER 



©2005 Mentor Graphics Corporation. All Rights Reserved. Mentor Graphics is a registered trademark of Mentor Graphics Corporatioi 
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Electronic maps track 
cell-phone use 



Researchers at the Mass- 
achusetts Institute of Tech- 
nology's Mobile Landscapes 
project have mapped the city 
of Graz, Austria, in real time 
by monitoring the usage of 
tens of thousands of cell 
phones. The researchers ob- 
tained anonymous cell-phone 
data from the leading cell- 
phone operator in Austria, 



Al/Mobilkom (www.a1.net), 
to develop the project. The 
technology creates electron- 
ic maps of cell-phone use in 
the metropolitan area of Graz, 
Austria's second-largest city. 

To obtain the maps, re- 
searchers used the density, 
origins, and destinations of 
cell-phone calls and the posi- 
tion of users they tracked at 



regular intervals. They used 
this data to create computer- 
generated images that they 
then overlay with one anoth- 
er and with geographic and 
street maps of a city to show 
the peaks and valleys of the 
landscape, as well as the 
peaks in cell-phone use 
(photo). Locating and track- 
ing mobile devices target use 
in law enforcement and ur- 
ban planning. "This technolo- 
gy opens up new possibilities 
for urban studies and plan- 
ning," says Carlo Ratti, an ar- 
chitect and engineer at MIT. 
"The real-time city is now 
real: a system that can con- 
tinuously sense its condition 
and can quickly react." To 
learn more, go to http://web. 
mit.edu/newsoffice/2005/ 
cellphones.html. For real-time 
images of Graz, go to http:// 
senseable.mit.edu/projects/ 
graz/graz.htm. 

Massachusetts Institute 
of Technology, www.mit.edu. 



Ethernet-over- 
optical transmission 
achieves 1 00 Gbps 

Lucent Technologies has an- 
nounced the first transmissions 
of 100-Gbps Ethernet-over-op- 
tical technology A research 
team at the company delivered 
a 107-Gbps optical-data 
stream, representing 100-Gbps 
data transmission and a 7% 
overhead for error correction. 
The technique uses duobinary 
signaling and a single-chip op- 
tical equalizer. Duobinary sig- 
naling uses positive, negative, 
and zero signal levels to repre- 
sent a binary signal for commu- 
nications transmission. The sig- 
nals require less bandwidth 
than traditional NRZ (non-re- 
turn-to-zero) signals. The opti- 
cal equalizer, which Bell Labs 
invented two years ago, com- 
pensates for almost all inter- 
symbol interference arising 
from modulator-bandwidth limi- 
tations in an optical, 107-Gbps, 
NRZ, electronic-time-division- 
multiplexing transmitter. 

Lucent Technologies, 
www.lucent.com. 



Watt-balance method accurately defines the kilogrann 




Researchers at the National Institute of Standards and Technology 
have spent years conducting experiments to find a reliable defini- 
tion based in nature to replace the current international standard for 
the kilogram, a century-old cylinder of platinum-indium alloy about 
the size of a plum. Now, they have achieved that goal, using a watt- 
balance method they first tried in 1998. This time, they received the 
same results as with earlier experiments but with better accuracy, 
thanks to improved hardware. 

The watt balance is a two-story- high apparatus that redefines mass 
in terms of fundamental physics and quantum standards. It measures 
the force necessary to balance a 1-kg-mass artifact against the pull 
of the Earth's gravity, as well as two electrical values (photo). The 
watt balance is one of two leading approaches for redefining the 
kilogram. The other approach counts how many atoms of a specific 
atomic mass equal the mass of 1 kg. The latest NIST measurements 
have an uncertainty of 0.052 ppm compared with 0.087 ppm in the 
1998 experiments. These measurements are more precise than any 
previous results by any research group using either approach. 

For additional background on efforts to redefine the kilogram in 
terms of natural properties, see www.nist.gov/public_affairs/ 
newsfromnist_redef_kilogram.htm. 
National Institute of Standards and Technology, www.nistgov. 
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Get more megabytes out of every millimeter. 



Faster read/write and ultra-low power - 
Samsung MMC/nicro™card! 

When your handheld devices call for industry-standard tiny removable 
media with high-performance and low power, Samsung's MMCm/cro 
cards are the #1 choice. In recent independent lOMeter tests, our 
MMC card average read speed was clocked at 10.6MB/s and average 
write speed at 9.3MB/s, notably faster than competitive technology. 
Additionally, MMCm/cro's 1.8V capability requires up to 82% less power 
for extended battery life. To learn more about Samsung MMCm/cro 
cards or to view the complete independent test results, go to: 
www,samsung,com/semi/m 
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IGLOBAL DESIGNER 



Lithium ion gets a recharge 



The fuel cell-a cigarette- 
lighter-sized power source 
that you can refill-is one way 
to solve the problem of using 
heavy and short-lived batter- 
ies. That's the message Intel 
sent in its August announce- 
ment of a tie-in with Mat- 
sushita Battery Industrial Co 
Ltd to develop an eight-hour, 
"all-day" laptop battery. The two 
big guns will focus on lithium- 
ion-battery technology That's 
good news for systems de- 
signers, who won't have to fun- 
damentally change their de- 
sign methods for portable de- 
vices. "With lithium ion, there 
are still some tricks that can 
make them last longer," says 
Sara Bradford, research man- 
ager for power supplies and 
batteries at Frost & Sullivan 
(www.frost.com). 

Lithium ion has become the 
battery technology of choice for 
laptops and cell phones, which 
tend to drive power-source de- 
velopments in consumer de- 
vices. Lithium-ion-based batter- 
ies accounted for 71% of 
rechargeable batteries in 2001 , 
which the research company 
expects to rise to 79% by 20 1 0. 

The Intel-Matsushita effort 
will drive key Japanese battery 
makers to more quickly reach 
milestones in their technology 
road maps, according to Robin 
Sarah Tichy, product-market- 
ing engineer at Micro Power 
Electronics Inc, a supplier of 
systems for batteries. "We see 
an increase in capacity for lithi- 
um ion, which won't change 
anything from a design point 
of view," Tichy says. "The volt- 
age should stay approximately 
the same." 

But, inevitably handheld- 
equipment designers will face 



challenges from fuel cells, 
which should gain some trac- 
tion by the end of the decade, 
according to Bradford. Laptops 
are expected to adopt fuel cells 
first, but the smaller device plat- 
form of cell phones creates a 
tougher design challenge. Fuel 
cells got a boost in 2004 when 
mobile-phone giant Nokia Corp 
(www.nokia.com) announced 
development strides and pre- 
dicted wide use by 2006. In 
March, however, Nokia scaled 
back development work be- 
cause it couldn't find a reliable 
supply of methanol, which the 
company used in its product. 

Fuel cells face other hurdles, 
Bradford says. No one knows 
how to best integrate them: as 
clip-on or as stand-alone de- 
vices. Moreover, standards and 




The market for fuel cells should grow to 1 25.2 million units by 
201 0, according to Frost & Sullivan. 



regulatory issues remain. Fuel 
cells contain flammable liquids, 
which the Federal Aviation 
Administration prohibits from 
airplanes until 2007 

Bradford believes fuel cells 
won't eliminate batteries but will 
appear in combination with 
them, serving as rechargers, 
eliminating the need to plug a 
cord into a wall. Breakthroughs, 
however, could turn fuel cells 
into a disruptive technology 
Every gadget manufacturer is 
seeking a big battery-life in- 
crease for sharp competitive 
advantage, and Motorola (www. 



motorola.com), Toshiba (www. 
toshiba.com), and NEC (www. 
nec.com) are among the play- 
ers pouring resources into 
fuel-cell developments for cell 
phones and laptops. 

-by Drew Wilson 
Matsushita Battery 
Industrial Co Ltd, www. 
panasonic.co.jp/mbi/. 
>lntel, www.intel.com. 
>Micro Power Electronics, 
www.micro-power.com. 

For more on battery tecti- 
noiogies, see this issue's 
cover story on pg 58. 



IDEs enhance automotive-design productivity 

To handle the complex development, testing, and integration of microprocessor-driven vehi- 
cle functions, design engineers are opting to use tools that offer IDEs (integrated develop- 
ment environments). According to a CG-Smith Software spokesman, IDEs for developing 
software for microcontrollers must support CAN (controller-area-network), LIN (local-inter- 
connect network), MOST (mobile-open-systems-technology), and other automotive proto- 
cols. They must also incorporate the code-optimization techniques for memory-constrained 
designs. CG-Smith uses commercial compilers and debuggers from Lauterbach (www. 
Iauterbach.com), lAR (www.iar.com), Noral (www.noral.com), and Green Hills (www.ghs.cm). 

Sridhar Perepa, technical director at MindTree Consulting, deploys Wind River Systems' 
(www.windriver.com) VX Works, Texas Instruments' (www.ti.com) Code Composer, and oth- 
er processor-specific development tools from Atmel (www.atmel.com) and Infineon 
(www.infineon.com) for automotive-electronics designs. According to S Renukaprasad, 
general manager of automotive electronics at Wipro Technologies, the IDEs in the compa- 
ny's development centers include Freescale (www.freescale.com) and MetroWerks (www. 
metrowerks.com) compilers, QNX's (www.openqnx.com) Momentics, Microchip Tech- 
nology's (www.microchip.com) MPLab, and NEC's (www.nec.com) PM Plus to support de- 
signs for entertainment applications, keyless-entry systems, and electronics modules. 

Meanwhile, KPIT Cummins is developing the Corona IDE for automotive and industrial 
applications. The company developed the Eclipse-framework-compliant, Windows-based 
IDE using C, C++, and assembly language.— by Chitra Giridhar, EDN Asia 

CG-Smith, www.cg-smith.com. 

Mindtree Consulting, www.mindtree.com. 

Wipro Technologies, www.wipro.com. 

KPIT Cummins, www.kpitcummins.com. 
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Blackfin is action paclced 




Car Telematics 
IP TV 
Mobile TV 
Telepresence 
Biometrics 
Driver Assistance 
^ Streaming Media 
High Definition 
Effects Processing 
Triple Play 
Image Processing 
VoIP 

Embedded Security 
GSM/EDGE 
Baseband Processing 
Digital Radio 
Global Positioning 
Packet Processing 
GCC/Linux 



Low power, riveting performance 

The V300 Portable Media Player needed a processor that could enable 
8 hours of MPEG-4 or MJPEG video playback and 16 hours of MPS music, 
and run its operating system and application set. After auditioning a long 
list of prospects, Blackfin® got the role. Why? Blackfin easily met the 
VSOO's performance goals while powering the system from a 600 mAh 
battery. Then Blackfin nailed the part with $5 to 1200 GMACS scalable 
performance for content and applications. 



Get started using Blackfin now: 
analog.com/blackfin-is-everywliere 
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SIGNAL INTEGRITY 




BY HOWARD JOHNSON, PhD 



Quality factor 



What matters most in a capacitor depends entirely 
on how you use it. For example, capacitors in the 
Electra pulsed-power fusion- ignition system re- 
quire a voltage rating of at least 5 million volts, 
with an incredible energy-storage density. Solu- 
tion? Build a massive coaxial structure and fill it 
with water (Reference 1). 

A IV switching power supply has vastly different requirements. This 
design needs capacitors with low ESR (equivalent series resistance). 
Switching power designs surge huge currents through the capacitors, 
back and forth, constantly charging them up and down. Even a tiny 
amount of series resistance in the presence of all that surging current 

can overheat, possibly bursting the 
package and spilling dielectric goo all 
over your board. I have been around 
systems that actually erupt in flames 
when that happens. To reduce the ESR 
at switching-power-supply frequencies, 
thick copper plates, firmly bonded to 
the lead frame, really help. 

Capacitors in narrowband filters 
need a high Q, or quality factor. This 
number, which is closely associated 
with the dissipation factor, determines 
how long a resonant circuit will ring. To 
make highly resonant, ringy circuits, 
you need high Q. Low-noise oscillators, 
IF filters, and many other circuits need 
high-Q capacitors. To make a high-Q 
capacitor at microwave frequencies, 
you reduce the skin-effect resistance of 
the leads and plates using silver-plated 
construction and specify an expensive, 
low-loss dielectric. 

Specifications having to do with ini- 
tial tolerance, temperature drift, and 
long-term stability govern the inherent 
accuracy of your circuits. These speci- 
fications require stable, accurately 
machined dielectric materials. Proper- 



Ordinary, garden- 
variety, low-Q 
capacitors will 
work better in your 
digital application. 

ly aged, low-dielectric-constant ceram- 
ic materials fit this bill. 

If you need a specific, well-known 
value of temperature coefficient to 
compensate for a problematic temper- 
ature drift in another part of your cir- 
cuit, other dielectric materials are avail- 
able to do that job. Imagine how low 
the volumes must be (and how high the 
prices) on these types of specific parts! 

Now comes the application I care 
most about: bypass capacitors for high- 
speed digital products. Depending on 
your power-system architecture, these 
bypass capacitors must cover a range of 
frequencies — from a few megahertz to 
several hundred megahertz, providing 
a low- impedance connection between 



power and ground all across that band. 
For that purpose, pick the smallest 
package (smallest inductance) your 
manufacturing people will let you use, 
and in that package size choose the 
largest value of capacitance you can 
reliably purchase from multiple ven- 
dors. 

For this application, you do not need 
high voltage, low ESR, high Q, or great 
stability. Ignore those parameters. 
Especially, do not pay extra money for 
"microwave-grade" high-Q capacitors; 
ordinary, garden- variety, low-Q capac- 
itors will work better in your digital 
application. High-Q capacitors exac- 
erbate resonances in a circuit, and res- 
onance is the last thing you need in a 
power-distribution system. Digital 
folks want low-Q capacitors. 

Taking the "low-Q" insight one step 
further, it would be great if you could 
purchase capacitors that guarantee a low 
quality factor (a minimum value of 
ESR). To help make that situation pos- 
sible, well-respected power-system 
designer Istvan Novak will lead a Tec- 
Form discussion at DesignCon 2006 in 
Santa Clara, CA, looking into ways of 
making low-Q, high-ESR capacitors. I 
wish him the best of luck at that ses- 
sion, as low-Q construction is some- 
thing from which we all could bene- 
fit.EDN 

REFERENCE 

El www.ge-prize.com/Laureates/jan/ 
lecture/. 
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Howard Johnson, PhD, of Signal Con- 
sulting, frequently conducts technical 
workshops for digital engineers at Oxford 
University and other sites worldwide. Visit 
his Weh site at www.sigcon.com or e-mail 
him at howie03@sigcon.com. 
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Biometrics 
Driver Assistance 
Streaming IVIedia 
High Definition 
Effects Processing 
Triple Play 
^ Image Processing 
VoIP 

Embedded Security 
GSIVI/EDGE 
Baseband Processing 
Digital Radio 
Global Positioning 
Packet Processing 
GCC/Linux 
Cryptography 
Rights Management 
Open Source 
Car Telematics 




► Leica Digital-Modul-R digital 
back for analog SLR cameras 



10 megapixel image compression in Vi second 

To equip professionals with a powerful and compact photography module 
for its analog SLR cameras, Leica Camera AG needed a small high per- 
formance processor. So the company focused on Blackfin's advantages. 
These included dual-processing cores up to 600 MHz that use just 
1 44 mm^ of board space, and Blackfin's ability to do Leica's color interpo- 
lation, auto exposure, auto white balance, gamma correction, and JPEG 
compression of 10 megapixel images. Smaller footprint, higher perform- 
ance: No wonder Blackfin® is everywhere. 



Get started using Blackfin now: 
analog.com/blackfin-is-everywhere 
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BY RON MANCINI 



Anatomy of a current- 
feedback op amp 

A previous column dealt with the VFOA (voltage -feedback op 
amp, Reference 1). This column explains the CFOA (cur- 
rent-feedback op amp) and includes a performance analysis. 
Slew rate and frequency performance are the CFOA's 
strong points, but its precision and CMRR (common- 
mode-rejection ratio) are subpar to those of a VFOA's. Figure 1 shows a 
CFOA, and circuit analysis explains these conclusions. 



The Vp input has a high impedance 
because it connects to the input of a 
voltage buffer. The input has a low 
impedance because it connects to the 
output of the same buffer. One imme- 
diately obvious difference between a 
CFOA and a VFOA is that the VFOA 
has matched high- input impedance, 
and the CFOAs input impedances dif- 
fer in value. Input-stage precision 
requires matching, and the CFOA 
requires that the manufacturer match 
two NPN and two PNP transistors oper- 
ating at different current levels. 
Normally, there is no way to match the 
input and the output stage of a buffer; 
thus, you don't gain precision from 
matching. Furthermore, few high-fre- 
quency-amplifier designs require high 
precision, because the signals are ac- 
coupled or small, or they contain no 
information in the dc content. This 
amplifier has transimpedance resulting 
from the current mirror rather than 



COMPARISON OF VFOAs AND CFOAs 



Parameter 


VFOA 1 


CFOA 


Input impedance 


Matched, high 


Mismatched 


Precision 


Very high 


Medium 


CMR 


Very high 


Medium 


Bandwidth 


Medium high 


Very high 


Slew rate 


Medium 


Very high 


AC error 


Medium 


Low 



gain, like the VFOA. The transimped- 
ance performs the same function as 
gain; hence, the precision must come 
from dividing the transimpedance into 
the error term. And, although that step 
can result in millivolt input-offset volt- 
ages, it seldom achieves microvolt in- 
put-offset voltages. 

The most common operating mode 
for a CFOA is as a noninverting ampli- 
fier, because the inverting input 
impedance is low. You can use the 
CFOA as a differential amplifier, but 
this mode yields poor CMRR, because 
the input-voltage offset and input 
impedances do not match well. The 
CFOA yields poor precision and poor 
CMRR; thus, it finds use in applica- 
tions that don't require these charac- 
teristics. 

The CFOA is essentially two current 
buffers separated by a current mirror. 
Current buffers are fast, and current 
mirrors are reasonably fast, so the 

CFOA is a high-speed 

device with high gain 
bandwidth. The slew 
rate is not internally 
limited in a CFOA, 
because the current 
available to charge 
C,^ is not limited. 
When the input- volt- 



age swing is large, it forces large cur- 
rents into the current mirrors, and an 
increasing portion of the mirror current 
is available to enhance the slew rate. 
An additional feature that enhances 
slew rate is the input current that can 
flow from the input, through the 
feedback resistor, and into the load. 
The input buffer is fast, so the feedback 
current is almost instantaneous, caus- 
ing an initial high slew rate. Table 1 
summarizes the final comparison.EDN 




Figure 1 Connecting the CFOA inputs 
to a buffer input/output precludes pre- 
cision. 

REFERENCE 

n Mancini, Ron, "Anatomy of a volt- 
age-feedback op amp," EDN, Oct 27, 
2005, pg 40, www.edn.com/article/ 
CA6275426. 
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NOTE FROM THE AUTHOR 

1 am retiring from Texas Instruments after 
a prosperous, interesting, and rewarding 
career. This is my last regular column for 
EDN . 1 wish you all well; 1 hope you have 
enjoyed reading these columns as much as 
1 have enjoyed writing them. 
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Cypress Handset Solutions 



CMOS IMAGE SENSORS 

3 Megapixel CMOS sensors 
with digifal-camera-like quality 
vsww.cypress.com/sensor 



AMBIENT LIGHT DETECTION 

Automatic screen backiighting 
control for optimal readability 
\Aww.sunpowercorp.com/opto2 





Maximizing data transfer 
in modular handset designs. 

by Herve Letourneur, Product Manager, Cypress Semiconductor Corp, 

The convergence of functions in the mobile handset is creating 
new challenges. The article below explores flexible, modular 
handset platforms that can be upgraded with minimal redesign. 
For other handset-related material — including application notes, 
reference designs and articles on capacitive sensing and 
inter processor connectivity — please visit Cypress's Handset 
Solutions Center at www.cy press xom /handsets. 



In addition to basic voice functionality, today's mobile phone offers 
camera functions, video, games, 802.11 connectivity, MP3 
players, and computer synchronization. A flexible architecture 
includes multiple subsystems that can be upgraded independently 
v^ith minimum impact on the other blocks. 





Audio Subsystem . 


Video Subsystem 
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Communication Subsystem : 


Application Subsystem 





More performance in every phone. Cypress products for har^c^sets meet the most rigorous speed, 
talk time and throughput standards. For more information, check out the product URLs listed above. 



Example of a modular architecture with 4 subsystems 

The figure above shows on example of an architecture using four 
subsystems. One is dedicated to communication and is centered 
around a baseband modem. Another is dedicated to applications, 
perhaps an application processor running 3D games. A third block 
could provide connectivity to video broadcast (DMB or DV-H), and 
a fourth could support MPS player functions. 

These subsystems can be used to build specific platforms and need 
not be altered when other blocks are changed. An entry-level 
platform would probably use only one of these blocks, while a 
more advanced platform could use up to four, depending on 
the target market. 

In a modular architecture, each block can be upgraded independ- 
ently. For instance, the communication block can be upgraded to 



PERFORM 



CYPRESS PRODUCT 



OVERVIEW 



FEATURES 



As camera phones migrate to higher resolutions, 
Cypress is ready with high-performance 3- and 1.3- 
megapixel image sensors that offer scaiable upgrade 
paths from lower resolutions. Cypress's image sensors 
have superior low-light sensitivity, better signal-to-noise 
ratio, and the widest dynamic range in the industry. 
They output a RAW Bayer pattern, enabling easy 
connections to most multimedia processors and analog 
binning that delivers true VGA video. Cypress sensors 
don't require microlenses, and still produce greater than 
70 percent fill factor. 


3 Megapixel 

Vs" optical format 
Analog binning - 
horizontal and vertical 
increased SNR 
72clB dynamic range 
Ease of manufacturing 


Today's high-performance mobile phones use a multi- 
processor or modular architecture to deliver advanced 
multimedia applications. Cypress's MoBL' dual-ports 
offer the most flexible way to connect two processors 
(typically baseband modem and application processor). 
The dual-ports enable high-throughput data transfer 
required for 3G and allow devices with different 
I/O line voltage levels or frequencies to connect. 
By using a standard memory interface for data transfer, 
they enable communication and application subsystems 
to evolve independently, with no constraints from 
proprietary protocols. 


Flexible Interconnect 

Most flexible interconnect, 

using universal SRAM 

memory bus 

High bondwidth, with 

more than 400 Mbps 

available 

Allow different voltage, 
frequency and width 
on each port 
Enable modular 
architectures with 
independent subsystems 


Copacitive sensing is an elegant, cost-effective replace- 
ment for buttons and switches in mobile phones. 
Using no moving parts, copacitive sensing increases 
durability and effective lifespan of personal electronics 
with no added cost. PSoC " CapSense'^ technology 
brings a flexible architecture, system integration 
capabilities, and cost reduction potential to interface 
applications. It offers the ability to implement multiple 
copacitive sensing elements in a single device. Award- 
winning design tools accelerate design effort and 
decrease time-to- market while bringing differentiation, 
fashion and functionality. 


Functionality 

Buttons 
Sliders 

■ Touchpads 
Touch wake-up 

Configurable 

Adapt to design changes 
Move across platforms 

■ Smali packages 


Cypress has shipped more than 400 million units in 
handheld applications. We provide low-power, high- 
bandwidth, low-cost solutions to meet the performance 
requirements of battery-powered applications. 

Portfolio Highlights: 

m Pseudo-Static RAM (PSR AM)/Cellu la rR AM™ offering 

high bandwidth and low standby current 
^ MoBL® SRAM with ultra-low standby current 


CellularRAM™1.5 

DRAM core with 
SRAM interface 

Backward-compatible 
to standard SRAM 

■ Async/Page mode 

NOR Flash bursf mode 
(sync burst read/async 
write) 

Sync burst read and write 
mode up to 1 04 MHz 



Today's mobile phones include advanced features such 
as the ability to record video, play music, and send 
multimedia messages. Manufacturers are requiring both 
PC connectivity via USB and increased internal storage 
for various types of multimedia files (MP3, MP4 and 
JPEG). Designed with I/O controller capability for high- 
speed USB 2.0 connectivity, storage devices (NAND 
Flash, HDD), and application processors, the Cypress 
High-Speed USB LP family enables both PC connectivity 
and mass storage capability for the mobile phone in a 
small package with low power. 



Flexible I/O Control 

^ High-speed USB 2.0 
connectivity 

8-/16- bit programmable 
interface for application 
processor 
Storage interface 
(ATA/ATAPI, Flash) 

HDD and Flash 
Storage Support 

Compatibility to industry 
HDDs and NAND Flash 
Increase read/write to 
HDD using UDMA 
Flash read up to 15 Mbps, 
write up to 11.7 Mbps 



BENEFITS 



SCHEMATIC 



SELECTOR GUIDE 



1.3 Megapixel 

y/' optical format 
No microlenses 
SOC version includes 

- Aulo white balance 

- Camera control 12C 

- Color correction 

- Noise reduction 

- Hue preservation 
8-bit YCbCr or raw 
10-bit Bayer RGB 
output 



IMAGE SENSOR SYSTEM BLOCK DIAGRAM 




^ ■ Multimedia 
Processor 



Image Sensors Selector Guide 



Description 


Pixel Size 
Squared 


ADC 


Optical 
Format 


1.3 Megapixel 


2.8Mm 


10-bit 


1/4" 


1 .3 Megapixel w/ Integrated SOC 


2.8|Jm 


lO-bir 


V4" 


3 Megapixel 


2.54|Jm 


12-bit 


1/3" 



^ No proprietary software 
dependencies while 
reusing subsystem IP 
across platforms 
Quick time-to-market 
for both platform and 
portfolio 



DUAL-PROCESSOR INTERCONNECT PHONE BLOCK DIAGRAM 



Exrernal Mem, Card Driver 
^ Touch Screen Driver 
^ PC Host - USB 
Camera 




ICamei 
I 



^ Buttons 
► LCD Panel 



Dual-Port Selector Guide 



Density 


Configuration 


Maximum 
Speed 


Package 


I/O Voltage 


256K 


16Kxl6 


35 ns 


6x6 mm fpBGA 


1 .8V to 3V 


128K 


8Kxl6 


35 ns 


6x6 mm fpBGA 


1.8V to 3V 


128K 


16Kx8 


35 ns 


6x6 mm fpBGA 


1 .8V to 3V 


64K 


4Kxl6 


35 ns 


6x6 mm fpBGA 


1.8V to 3V 


64K 


8Kx8 


35 ns 


6x6 mm fpBGA 


1.8V to 3V 



CAPSENSE CIRCUIT DIAGRAM 

PSoC 



; CapSense 

Elements- , 



Anolog/Digitol GPIO 



CopSense Device Selector Guide 



Name 


Flash 


RAM 


Additional Resources 


Available 
Packages 


PSoC™ 


8k 


512 


4 Digital Blocks, 
2 Analog Blocks, 
Hardware I2C Master/Slave 


16-SOIC 
20-SSOP 
28-SSOP 
32-MLF 


PSoC™ 


16k 


Ik 


4 Digital Blocks, 
2 Analog Blocks, 
Hardware I2C Master/Slave, 
Full-speed USB 


56-MLF 



PSRAMs 

« 100% compatible 
to SRAM 

^ Extra low-power 
features: Partial Array 
Refresh {PAR), temp- 
erature compensated 
self refresh Deep 
Power Down (DPD) 



MoBL*" SRAMs 

35ns access time 
: <1 jjA/Mb standby 
current 



LOW-POWER MEMORY BLOCK DIAGRAM 



I i 




SRAAA/ 1 


FIASH 


PSRAM/ 1 




CellularRAM 



Camera & Peripherals 



SRAM/ 
PSRAM/ 
CellufarRAM 



^ Buttons 
► LCD Panel 



Lov/-Pov/er Memory Selector Guide 



Name 


Interface 


Vcc 


Fastest Speed 


CellularRAM™ 


Async SRAM, 
Sync, NOR Flash 


1.8V 


70 n 3 Async, 
104 MHz Sync 


PSRAM 


Async SRAM 


3V/1.8V 


55 ns Async 


MoBL® SRAM 


Async SRAM 


3 V/ 1.8 V 


35 ns Async 



#1 High-Speed 
USBSoluHon 

Lowest power USB 
2.0 controller (bus/ 
battery powered) 
Easy-to-use/flexible 
2.0 architecture 
(48 MHz 8051 core) 
Full driver support for 
moss storage /MTP 
Digital rights manage- 
ment support for 
WinCE 



USB CONTROLLERS BLOCK DIAGRAM 



Application 
Processor 




EZ-USB 

fX2LP'" 










HOD NAND;j 

1 





USB Selector Guide 



Name 


Storage 
Interface 


pC 


Pin/RAM 


Package 


EZ-USB 
FX2LP'"' 


ATA/ATAPI 
NAND Flash 


8051 
8-bit 


1 6 Kbyte 


56-pin QFN 
48-pin BGA 


EZ-USB 
AT2LP^" 


ATA/ATAPI 


None 


None 


56-pin QFN 


EZ-USB 
NX2LP™ 


NAND Flash 


None 


None 


56-pin QFN 


EZ-USB 
NX2LP-Flex 


NAND Flash 


8051 
8-bit 


15 Kbyte 


56-pin QFN 



support a different wireless standard (moving from GPRS to 
W-CDMA, for instance) or to upgrade the existing protocol (adding 
HSDPA to an existing W-CDMA baseband). Similarly, the 
application subsystems can be upgraded to support new 
capabilities independently of the wireless standard supported. 

Connecting subsystems with a future-proof interface 

To minimize the impact of each upgrade, the different subsystems 
must connect to each other through an interface that will be 
available on the next-generation chipset and will support future 
throughput needs. 

Each subsystem is typically centered around a processing element 
(ASIC, DSP, GPP). Most of these processors today lock such an 
interface: serial standard interfaces are too slow to support new 
throughput needs such as 3G, Video or 802.11; high-speed 
interfaces involve proprietary protocols that are incompatible 
across chip vendors and involve long software changes and 
validation for every update. 

The memory bus provides a good candidate for an interconnect - 
all processors will always support a memory interface and the 
bandwidth achieved is well above current requirements (290 Mbps 
for a 55 ns access time on an xl 6 bus). Two memory buses can be 
connected together using a dual-port interconnect. 

A dual-port interconnect is a memory-mapped IC that allows two 
processing elements to access a shared memory space independ- 
ently. It allows processing elements to exchange data through their 
memory bus, simply using standard write and read operations. 

A dual-port Is the most flexible interprocessor interconnect 
available. By offering a standard SRAM interface that connects with 
the existing memory bus, it allows an existing processor to interface 
with almost any other processing element with high bandwidth. 
It also simplifies and reduces communication software overhead. 

The dual-port enables a system upgrade by adding a processing 
element to the existing architecture. For example, adding a new 
processor causes limited changes since the existing processor only 
perceives additional memory on its bus. One port of the dual-port 
is connected to the existing processor's memory bus and the other 
port is connected to any device with an SRAM interface, including 
any processor or modem. ^, 

MoBL® Dual-Ports enable modular design strategy 

Cypress's low-cost MoBL® (More Battery Life®) Dual-Ports are designed 
specifically for mobile platforms, combining high-performance 
dual-port architecture with industry-leading, low-power technology 
to conserve battery life. 

More than just enabling upgrades with short development time, 
modular architectures maximize the reuse of IP developed for 



specific subsystems. A whole portfolio can be built out of the 
different blocks available, with the use of similar subsystems across 
multiple platforms. 

The figure below describes a handset portfolio based on this 
modular approach. A single baseband chip is used in the simplest 
designs. It is then enhanced multiple times to create several new 
products by the addition of different application processors via a 
dual-port interconnect. The dual-port interconnect enables two 
completely different applications processors to be added to the 
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Example of a handset portfolio using a modular architecture strategy 

baseband processor with minimal changes, allowing market and 
cost differentiation of the new platforms. 

When the next-generation baseband is developed, the previously 
developed application IP can be reused by simply upgrading 
the communication subsystem. The existing architecture can even 
be exported easily from one band (GPRS for instance) to 
another (CDMA) with minimum changes to software and system 
architecture. ■ 



CYPRESS HANDSET SOLUTIONS: WHOLE PRODUCT SUPPORT 



Application Notes/White Papers 



3 Megapixel Flash Implementation 

jmplementing Interprocessor Communication Using MoBL® Dual-Port 
Interfacing MoBL Dual-Port to Tl OMAPl 710 Application Processor 
Interfacing MoBL Dual-Port to Intel'" PXA270 Application Processor 
Cypress USB 2.0 Mass Storage Device Driver for Windov^s 
Capacitive Key Scan 
Capacitive Front Panel Display 



Technical Articles 



^ Using Memory Buses To Build Modular Portable Architectures 
^ Capacitive Sensing in Cell Phones 

^ Developing Low<ost Modular Handset Architectures Using Dual-Port Interconnects 



Reference Designs 



^ High-speed USB 2.0-to ATA/ATAP! 

» CY4618 EZ-USB NX2LP^'^ Reference Design Kit 

M CY4619 EZ-USB FX2LP^" MTP Solution 



Cypress, the Cypress logo, EZ-USB, PSoC, More BoHen/ Life, and MoBL are regisleied irademarb; and CopSense, 
EZ-USB NX2LR EZ-USB AT2LP end E2-USB FX2LP ore trademarks of Cypress Semiconductor Corporalion, All other 
liodeiTiraks ore properties of iheir respective owners. ©2005 Cypress Semiconduclor Corporation. All fights reserved. 
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TALES FROM THE CUBE 



BY DANIS CARTER • TYCO HEALTHCARE 



Skunkworks project ends 
up smelling like a rose 




A fellow project team member encountered diffi- 
culty stabilizing a pneumatic valve developed 
from a skunkworks effort. His voice-coil-driven 
valve offered a new technology to our industry, 
and we were looking at the feasibility of using it 
as an exhalation valve in a new medical venti- 
lator. The voice-coil motor would permit a fast lung-ventila- 
tor response to patient-initiated breaths, easing the patient's 

work of breathing. The fast prototype significant weight would affect per- 



valve had the undesirable effect of 
overshooting the targeted patient pres- 
sures- The new valve not only had 
technical difficulties, but also plenty of 
detractors from management who 
wanted to use a slower, more proven 
valve- I have always pulled for the 
Sisyphus engineer, and I wanted to 
help him push his valve to the top of 
the mountain. 

The mechanical' engineering group 
resisted my recommendations of at- 
taching a transducer to the armature 
and feeding back the oscillations to the 
motor driver, correcting for the over- 
shoot- They felt that it was too involved 
to attach a sensor and that a sensor 
might add too much weight to the 
motor's armature- The valve's poppet 
attached directly to the armature, and 



formance. After designing the valve's 
power amplifier, I thought that a feed- 
back signal would be a natural solution. 
The valve engineer attempted to 
stabilize the assembly with springs and 
pneumatic dampening devices, but the 
dampening devices deleteriously af- 
fected the valve's linear performance. 

While discussing a circuit with a lab 
technician, I noticed a collection of 
small bar magnets holding papers to his 
bench lamp. I had for years seen these 
magnets but suddenly realized that they 
could effect a solution for the valve. 
When everyone had gone home for the 
day, I made a "midnight requisition" of 
a bar magnet and super-glued it to the 
bottom of the valve's armature. I then 
wound a bunch of magnet wire around 
a tiny pot-core bobbin and positioned it 



so that the magnet could travel through 
the bobbin's center. I now had a home- 
made velocity sensor. After performing 
some open-loop tests for velocity sensi- 
tivity, I closed the loop with a velocity 
amp, feeding the signal back to the 
power amp's negative input. I connect- 
ed tubing, an air source, and a pressure 
sensor to the valve. 

Using an oscilloscope to monitor 
the pressure sensor, I observed the air- 
way-pressure changes when I applied a 
step function to the valve driver elec- 
tronics. The velocity feedback imme- 
diately improved valve stability, but the 
system still needed some refinement. I 
placed a variable resistor in the veloc- 
ity amplifier's feedback loop to allow 
control of the dampening, which I sub- 
sequently demonstrated to the valve 
designers by tuning in overdamped, 
critically damped, and underdamped 
responses. The stark performance im- 
provement with the crude bar magnet 
and hand-wound coil convinced man- 
agement that the approach was practi- 
cal and that the voice-coil-driven valve 
was feasible. 

Eventually, we refined the system to 
allow software-gain control of the feed- 
back signal and usage of standard mag- 
netic parts for the velocity signal. We 
found that controllable gain was desir- 
able for the dampening because differ- 
ent airway-pressure levels required dif- 
ferent dampening levels. After answer- 
ing a bunch of "how-can-you-do-that?" 
questions from management, the valve 
quickly rose from a skunkworks project 
to full-development status. 

This case was another one in my 
career in which I pursued an unpopu- 
lar approach that all players endorsed 
once it proved successful. It's interest- 
ing how a few disparate parts, such as 
a paper magnet, pot-core bobbin, mag- 
net wire, and super glue, can form a 
breakthrough. I eventually received a 
patent for this system, and the valve 
and electronics are in 23,000 ventila- 
tors across the globe. EDN 

Danis Carter is a principal engineer at 
Tyco Healthcare. He also serves on EDN's 
Editorial Advisory Board. 
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BY ROBERT CRAVOTTA • TECHNICAL EDITOR 



AUTONOMOUS SYSTEMS ARE SHOWING UP 
IN MORE PLACES. COMPETITIONS SUCH AS 
THE DARPA GRAND CHALLENGE ARE 
INCREASING THEIR VISIBILITY. 




DV 




mmBmik 



The DARPA (Defense Advanced Research Projects 
Agency) Grand Challenge is a highly publicized com- 
petition to encourage the development of fully 
autonomous vehicles that can complete an off-road 
desert course. On Oct 9, 2005, the Stanford Racing 
Team, from a field of 23 competitors, claimed the $2 million prize 
for its vehicle, which completed a 132-mile desert course in 
California with no human assistance once it left the starting gate 
(Figure 1). Four other fully autonomous vehicles completed the 
course with a slower time. 

The vehicles had to follow a prescribed course route, provided as a GPS (global-posi- 
tioning- system) way-point file; avoid obstacles; and negotiate turns in desert condi- 
tions while traveling at speeds relevant to a military context (see sidebar "Racing in 
the desert") - The actual course was secret until just before the competition, so that each 
vehicle would be running the course for the first time. The competition aims to yield 
the precursor of deployable and fully autonomous supply convoys that can travel through 
hostile territory and eliminate the risk to drivers of such vehicles in areas of conflict. 



Figure 1 Stanford Racing Team's 
autonomous vehicle, "Stanley"-a re- 
inforced Volkswagen Touareg with a 
custom drive-by-wire system, a sensor 
rack, and a computing system-won the 
2005 DARPA Grand Challenge (courtesy 
Stanford Racing Team). 

Autonomous systems allow human op- 
erators to perform tasks in environments 
that are hazardous to humans, including 
outer-space and underwater environ- 
ments, without requiring continuous 
human guidance. In these types of envi- 
ronments, a high degree of autonomy is 
desirable, especially when it is impossible 
to avoid communication delays and inter- 
ruptions. Although competitions such as 
the DARPA Grand Challenge help pub- 
licize and push the technological enve- 
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AT A GLANCE 

El Autonomous systems can operate 
in uncertain environments without 
continuous human intervention. 



El Autonomous systems combine 
sensors, actuators, and detection 
and decision logic in a closed-loop 
control configuration. 



El The more uncertain the opera- 
tional environment is, the more 
important system integration and 
field testing become. 



El Development tools targeting 
autonomous systems provide 
emerging opportunities for tool 
providers. 

lope for fully autonomous vehicles, such 
machines represent only a relatively small 
and extreme edge of the possible spectrum 
of these systems (see sidebar "Other com- 
petitions")- 

The current state of electronics-based 
autonomous systems requires some direc- 
tion from a human operator. The extent 
to which the system can operate in uncer- 
tain environmental conditions without 
human intervention determines the level 
of autonomy the system supports. There 
is an increasing number of embedded sys- 
tems with varying levels of autonomy that 
are invisible to human operators. 

Examples of invisible, semiauton- 
omous systems include antilock-braking 
systems available in many contemporary 
cars. Machines for washing and drying 
clothing can exhibit autonomous behav- 



ior by being able to automatically adjust 
the machine's operation based on sensing 
the condition of the clothing during oper- 
ation. Remote-controlled aircraft and 
underwater robots are partially auto- 
nomous, because there is no way to trans- 
mit relevant operational and control data 
between the operator and the vehicle to 
adjust for sudden or rapid shifts in the 
environment. 

AUTONOMY 

For an autonomous system to be able to 
successfully operate in an unpredictable 
environment, it must be able to sense and 
receive information about its operating 
environment. Another essential capa- 
bility for autonomous systems is to be 
able to interact with the environment 
through a set of actuators. Detection, 
decision, and control processing, often in 
the form of software, bridge the sensor 
and actuators to form the brains of the 
autonomous system. The whole system 
operates in a closed-loop fashion, so that 
the system can detect and adjust for the 
effect its own actions have upon the envi- 
ronment. An open-loop system, or one 
that is missing one of these capabilities, 
is not an autonomous system. 

The amount of environmental uncer- 
tainty autonomous systems can handle 
ranges from a small, well-defined set of 
changes, such as in a factory setting with 
strict tolerances and control on the envi- 
ronment, to a large set of widely uncer- 
tain conditions, such as in the case of 
autonomous vehicles that are traversing 
desert terrain for the first time. 

Likewise, the level of autonomy a sys- 
tem can manifest can vary widely (Figure 




Figure 2 The amount of human decision and intervention an autonomous system will 
need varies. As detection, planning, and decision software improves, these systems 
will be able to move more to the right of the spectrum of autonomy (courtesy JAUS). 



2). For example, once you activate a fac- 
tory system, it can operate virtually indef- 
initely without human intervention. At 
the other extreme, a semiautonomous sys- 
tem, such as an underwater robot, may 
receive continuous human intervention 
with regard to course position and task 
control, but it may receive no human 
intervention for fine-positioning control. 
Also, by making the fine control au- 
tonomous, the operator can function at 
a higher abstraction level and focus more 
on the mission objectives. 

The types of commercially available 
visionlike sensors include passive and 
active sensors (Reference 1 ). All sensors 
have strengths and weaknesses, and it is 
important that designers choose the right 
sets of sensors to cover the aspects of the 
environment that the system will en- 
counter. Passive sensors, such as single- 
vision, stereovision, and thermal cameras, 
detect information by sensing what is in 
the environment, such as light and ther- 
mal radiation. Passive sensors are suscep- 
tible to too little or too much ambient 
energy in the environment. Active sen- 
sors, such as radar sensors, LIDAR (light- 
detection-and-ranging) sensors, and 
infrared and ultrasonic transducers, detect 
information by transmitting energy 
into the environment and sensing the 
amount of and the timing of the reflec- 
tion of that energy back to the sensor. 

In addition to using visionlike sensors, 
mobile autonomous systems may rely on 
additional sensors, such as GPS and IMU 
(inertial-measurement-unit) sensors, to 
detect the system's position and attitude 
in the environment. Mobile systems that 
can work in a constrained environment, 
such as iRobot's Roomba, employ exter- 
nal transmitters, such as infrared, so that 
the mobile system can sense and interpret 
them as a physical boundary. 

The sensor-processing, feature-detec- 
tion, and decision software represent the 
largest area for innovation in auton- 
omous systems. The software must be 
able to reduce and abstract key features 
from the sensor data and be able to cor- 
relate the data if there are multiple types 
of sensors working in concert. Knowing 
what features to detect in the sensor data 
is application-specific. In the case of the 
desert race, the vehicles needed to be 
able to identify and navigate around sta- 
tionary obstacles. However, they needed 
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neither to identify nor to predict the 
movement of those obstacles- 

An important ability for autonomous 
systems is detecting and correcting for 



anomalous or boundary conditions- The 
response to each type of condition is also 
application-specific- Sometimes, the cor- 
rection is internal to the system, such as 



repositioning, or it reinitializes the sys- 
tem; other times, the correction is exter- 
nal, such as raising an alarm for a human 
to intervene. An emerging area for com- 



RACING IN THE DESERT 



The entries in the DARPA 
(Defense Advanced Re- 
search Projects Agency) 
Grand Challenge employed 
a range of off-the-shelf 
sensors, including LIDAR 
(light-detection-and-rang- 
ing) sensors, radars, sin- 
gle-vision and stereovision 
cameras, color and thermal 
cameras, ultrasonic trans- 
ducers, GPSs (global posi- 
tioning systems), and 
IMUs (inertial-measure- 
ment units). Most entries 
employed multiple, com- 
plementary sensor systems 
to provide enough cover- 
age for the vehicle to 
sense the environment, 
obstacles to avoid, and 
attitude and positioning. 

Only a few teams devel- 
oped custom sensing 
equipment. Most notable 
among the custom sensors 
was a LADAR (laser-radar) 
system that Team DAD 
(Digital Auto Drive) devel- 
oped and successfully 
demonstrated during the 
competition (Figure A). The 
unit generates its own light 
and uses a proprietary fil- 
ter to reject sunlight, so it 
works well under all light- 
ing conditions. The unit 
can see through fog and 
heavy rain by ignoring 
early reflections. 

The LADAR system 
employs 10 DSPs that 
process data from 64 
lasers for terrain mapping 
and object detection, 
which solves some prob- 
lems the team experienced 
when using a camera sys- 
tem in the first Grand 



i Challenge event. The 64 

i lasers all rotate at 600 rpm i 

; in a drum mounted atop 

i the vehicle driver cab. 

i Because the whole system i 

i spins, dust and rain spin 

i off the unit as it rotates. 

; Team DAD did not have 

i enough time before the 

i competition event to 

I develop the LADAR data 

i processing to perform 

; localization during loss of 

; theGPSsignaL 

The PVHS (Palos Verdes \ 

I High School) Road Warrior I 

i team also developed a 

; custom sensor. The ground ; 

i mouse, which the team did i 

i not get to successfully 

; demonstrate at the race, 

I uses a narrow, spectral, fil- i 

; tered light source; a detec- ; 

I tor array; and a modified 

i Newtonian optic system to ; 

I make ground measure- 

i ments every 2 msec. The 

; ground mouse works with 

I the IMU. This setup allows I 

i the control system to work ; 

; with an accurate estimate 

i of the vehicle's position 

; when the GPS signal 

I drops. 

The experience at the 

I competition demonstrates I 

i that commercially avail- 

i able sensor technology is 

i sufficient for fully auto- 

i nomous systems and is 

; not the source of the major I 

i challenges for developing 

; these types of systems, 

i Actuators for throttle and 

i steering control were gen- ; 

I erally straightforward and 

i did not represent the most i 

; challenging areas for these ; 

i fully autonomous vehicles, i 



Most difficult, not surpris- 
ingly, is implementing the 
software detection, deci- 
sion, and control algo- 
rithms. Each team entry 
emphasizes its software 
and vehicle intelligence, 
supporting the assertion 
that the event is largely a 
software competition. The 
teams develop their soft- 
ware using C/C++ code, 
hand-coded assembly, or 
Java. Details about each 
team's sensors, actuators, 
and control, planning, and 
decision software are 
available as technical 
papers at www.darpa.mil/ 
grandchallenge. 

Lessons participants 
learned from the event 
include the importance of 
the task and system- level 
integration effort. Teams 
that did well in the event 
logged hundreds of hours 
and miles of field opera- 
tion. The integration effort 
is essential to making the 
system reliable under the 
various environmental con 
ditions these vehicles had 
to endure over the 132- 
mile course. Team DAD's 
vehicle stopped short of 
the finish line in part 
because the team did not 
have enough time to hard- 
en the vehicle for desert 
conditions. In its case, the 
removable mounting on 
top of the driver cab loos- 
ened and contributed to a 
set of cascading errors 
that led to the team's 
pulling the entry before it 
crossed the finish line. 

The short time frame to 



prepare for the competi- 
tion amplified the need for 
teams to use off-the-shelf 
parts wherever possible. 
Spending more time devel- 
oping custom hardware 
systems meant spending 
less time in integration 
and field-testing. This 
trade-off is evident in the 
teams' processor choices. 
Most vehicle-sensor and 
-control systems used gen- 
eral-purpose processors 
from Intel, AMD, Freescale, 
and Apple. A few teams 
used Texas Instruments 
DSPs, Microchip PIC con- 
trollers, or National 
Instruments controllers. It 
is unlikely that a produc- 
tion version of these 
autonomous vehicles 
would use general-pur- 
pose processors, because 
they are less efficient and 
more costly than DSPs and 
microcontrollers for such 
tasks. But for prototyping, 
general-purpose proces- 
sors allowed the teams to 
more quickly get to field- 
testing and do that testing 
for a longer time before 
the event. 




system sits atop the vehicle 
driver cab and spins at 600 
rpm to provide accurate ter- 
rain data (courtesy Team 



DAD). 



r 
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plex autonomous systems is the ability to 
learn; it would include adjusting decision 
strategies based on the environment, 
especially for unanticipated boundary 
conditions- 

Although full autonomy is a goal, 
employing such systems in complex envi- 
ronments is a long way off- The practical 
response to this situation is incremental 
autonomy, in which designers continual- 
ly expand and improve the abilities of a 
system over multiple iterations- This 
approach may manifest itself as a system 
that begins with an operator's making all 
of the decisions through remote control 
and, with each iteration, making fewer 
actions or decisions. Before the system 
takes over a decision, an earlier iteration 
may include the system's notifying the 
operator of, rather than acting on, the 
condition. 

INITIATIVES AND TOOLS 

The J AUS (Joint Architecture for Un- 
manned Systems) is an initiative for 
developing a message-based architecture 
for upper level interfaces of unmanned sys- 
tems, so that independent teams may 
eventually and more easily interoperate 
with each other. The goals of the initia- 
tive are to reduce the development and 
integration time, as well as the life-cycle 
costs, of autonomous systems. The initia- 
tive specifies a framework for technology 
insertion and how to accommodate the 
expansion of systems with new capabili- 
ties. It also specifies performance-based 
requirements about what to build but 
avoids defining how to build it. 

JAUS identifies that manufacturers 
currently build the subsystems that are 
common to all unmanned systems from 
scratch for each system. They cannot eas- 
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ily incorporate the performance gains they 
make in one system into different systems 
with similar requirements. The initiative 
champions a component-based, message- 
passing architecture that specifies data for- 
mats and methods of communication 
among computing nodes. It defines mes- 
sages and component behaviors that are 
independent of technology, computer 
hardware, operator use, and vehicle plat- 
forms and isolated from the mission. 

The Unmanned Aerial Robotics Initia- 
tive involves people from various labora- 
tories that meet regularly to exchange 
experience and knowledge, believing that 
experience they gain in one project is often 
useful to other projects. The initiative 
maintains a Web portal at aero.epfl.ch and 
supports students developing projects in 
this field. 

Software-development tools for auton- 
omous systems lag behind the sensor and 
actuator options. However, the aerospace 
and the military markets are driving the 
tools to handle the complexity that auto- 
nomous systems exhibit. In addition to 
homegrown tools, commercial-modeling 
tools, such as those from The Mathworks, 
are supporting multiple-domain modeling 
with tighter integration between the sen- 
sor and the control aspects of the system 
model. Tools, such as those from Nation- 
al Instruments, are improving to support 
prototyping to embedded targets, which 



simplifies integration and communica- 
tion between distributed intelligent 
nodes. Real-Time Innovations' tools tar- 
get systems with real-time distributed data 
requirements. 

Simulation, including hardware-in- 
the-loop simulation, is an opportunity for 
simulation-tool providers (Reference 
2). The sensor fusion, or the correlation 
of data from multiple and possibly differ- 
ent sensors, which complex autonomous 
systems require, presents significant pro- 
cessing requirements on simulators — 
especially systems with real-time, closed- 
loop requirements. 

Strong project management is essential 
when developing autonomous systems 
because of the wide range of engineering 
disciplines that must work together to 
design these systems. As an example, the 
Stanford Racing Team comprised four 
major groups. The vehicle group oversaw 
the modification and developments, in- 
cluding the drive-by-wire systems, as well 
as the sensor and computer mounting, as 
it related to the core vehicle. The software 
group handled all the software, including 
the navigation software and the health- 
monitoring and safety systems. The test- 
ing group was independent from the other 
groups and was responsible for testing the 
components and the system as a whole. 
The communication group managed 
media relations and fundraising activities. 

The complexity of data sharing and 
maintaining coherency becomes compli- 
cated with development teams that are 
geographically distributed. The PVHS 
(Palos Verdes High School) Warrior 
Team not only had to deal with language, 
time-zone, and shipping delays when 
working with a group in the Ukraine for 
the motion-control system of its entry, it 



OTHER COMPETITIONS 

There is a lot of room for ; tion industry received a 

improvement in autono- I boost by a similar competi- 

mous robots. One way to i tion that offered $25,000 for 

spur innovation and speed ; the first flight between New 

development for these sys- i York and Paris. This chal- 

tems is through competi- i lenge was the motivation 

tions such as the DARPA j that spurred Charles 

(Defense Advanced Re- i Lindbergh on his historic 

search Projects Agency) i flight. 
Grand Challenge. The avia- There is a wide variety of 



robot contests available to ; 2006. Some of these com- 

compete in or watch. The i petitions, such as the 

FAQ at www.robots.net/ i AUVSI (Association for 

rcfaq.html lists information ; Unmanned Vehicle Sys- 

on robot contests and com- I tems International) Aerial 

petitions, many of which i Robotics Competition, in- 

include cash prizes. The j dude prizes that increase 

site lists a schedule of 87 i each year until a team 

contests from October ; wins the competition. 
2005 through September 
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also had to be aware of import/export reg- 
ulations for the data it was sharing. 

For some autonomous-system designs, 
a straight if-then decision tree is suffi- 
cient, but, as these systems continue to 
grow in complexity, there may be an 
opportunity for decision-rule-manage- 
ment tools- Database management may 
become more important as these systems 
evolve from just detecting features in the 
environment to recognizing features, so 
that they can better predict and antici- 
pate changes in their environment- 
There is a growing opportunity for au- 
tonomous systems that can interact with 
the physical world and manipulate phys- 
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ical objects. Today, autonomous systems 
take direction, directly and indirectly, 
from a human operator. Some of these 
systems are obvious to the end user, but 
many of them, such as the growing num- 
ber of automobile-safety features, aug- 
ment and abstract some aspect of con- 
trolling a system so that the operator can 
focus on higher level tasks and functions. 
Also, given the success of connected 
devices and computing networks, it is not 
a stretch to expect future independent 
and autonomous systems to work not just 
with human operators but also coopera- 
tively with each other. EDN 
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NEW BAHERY 

TECHNOLOGIES HOLD 

PROMISE, 



PERIL FOR PORTABLE^YSTEM DESIGNERS 
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FOR THE NEAR FUTURE, MOST PORTABLE 
SYSTEMS WILL HAVE TO RELY ON SOME 
FORM OF THE NOW-VENERABLE LITHIUM- 
ION BATTERY. FORTUNATELY, LITHIUM-ION 
CELLS ARE IMPROVING IN COST, ROBUST- 
NESS, AND EVEN ENERGY CAPACITY. BUT 
BEWARE THE PERILS THAT "CLONE" BAT- 
TERY PACKS CAN POSE FOR YOUR SYSTEM. 

For portable systems relying on a battery or a battery 
pack, the ever-increasing complexity and speed of the 
system's ICs and the resulting increase in power require- 
ments are problematic: Although ICs can surf the pro- 
cessing and speed wave of Moore's Law, battery tech- 
nology has improved at a much slower pace. The 
increase in energy capacity for a lithium- ion cell has lit- 
tle more than doubled in 10 years, from 280 Whr/1 
(watthours per liter) in 1995 to 580 Whr/1 in 2005. 
Compare this figure with the ICs ability to double its 
complexity every 18 months, and you can see the mis- 
match between power need and power capacity for 
portable devices. 

Although batteries don't enjoy the gee-whiz aura of 
the IC, lithium-ion technology has nevertheless made 
significant advances. By changing the chemical formu- 
lation of the cathode and anode, lithium-ion-battery 
manufacturers are tweaking cells' energy capacity, as 
well as cell cost and robustness. However, even as ven- 
dors make advances, variations will emerge. System 
designers will need to pay attention to battery formula- 
tions and be aware that battery charging and output 
voltages are changing, affecting system requirements. 

Lithium ion is not the only type of rechargeable cell 
that battery packs use. Older but still popular types 
are NiMH (nickel metal hydride) and NiCd (nickel 
cadmium). Lithium ion, which manufacturers intro- 
duced in 1991, is the newest technology, but it has 
taken over the field with its combination of relative- 
ly low cost and high energy density (Table 1). (For a 
definition of battery terms, such as "cell" and "pack," 
see sidebar "A battery of definitions.") 

What's been driving the change in lithium- ion 
chemistry? In addition to the need for higher power 
density, battery manufacturers want a cheaper formula- 
tion as well as a safer, more robust mix. Tweaking the 
lithium and other chemicals in a battery cathode affects 
the battery cost, capacity, ruggedness, and voltage. 

In today's lithium-ion cells, which typically come in a 
18650-size cyclindrical package, the anode is a graphite 
mixture, and the cathode is a combination of lithium, 
nickel, and cobalt. When lithium batteries first became 
available in the 1990s, cobalt was relatively inexpensive, 
and its price was stable. But cobalt prices began to rise 
at the end of the decade, and battery manufacturers 
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AT A GLANCE 

9 Plan on lithium-ion cells' contin- 
uing as the dominant power sources 
for portable consumer electronics, 
such as laptops and cell phones. 

B Some lithium-ion batteries will 
change both their charge voltage 
and their output voltage. 

9 Higher voltages, which can 
damage both older battery packs 
and device electronics, will necessi- 
tate battery authentication to protect 
users from substituting old 
and potentially unsafe battery 
technologies. 



worked on new cathode materials that 
moved away from cobalt- 
According to Robin Tichy, product- 
marketing engineer with Micro Power, a 
battery-pack developer that incorporates 
cells from several manufacturers in its 
packs, "The road map for lithium-ion 
batteries based on current LiCoO^ (lithi- 
um-cobalt'dioxide) formulations is that 
vendors are phasing out 2 Ahr, 2.2 Ahr 
is currently in production, and 2.4 Ahr 
is coming into production." Tichy says 
that manufacturers are evaluating 2.6- 
Ahr technology and planning 2. 8 - Ahr 
technology. "When you hit 3 Ahr, you 
reach the theoretical maximum for lithi- 
um cobalt dioxide in the 18650 cell," she 
says. 

In addition to its relatively high cost, Tichy 
points out, cobalt is chemically more volatile 
than other potential cathode materials, 
such as nickel and manganese. "Nickel 
is less volatile, both economically and 
chemically, than cobalt," she says. "How- 
ever, it's also much less efficient at charge 
cycling. Manganese is cheap and safe with 
good [high'curren titrate capabilities. 
Manganese's drawback is that it has poor 



energy density and is slightly soluble in an 
electrolyte." 

The first alternative to lithium cobalt 
dioxide that will appear in an 18650 cell 
will have a cathode with a solid solution 
of NCM (nickel'cobalt manganese). 
Manganese and nickel replace some, but 
not all, of the cobalt in a partial phasing- 
out of the cobalt material, resulting in a 
better battery price but no additional 
energy capacity. 

Because the cell voltage is due to the 
difference in the electrical potential 
between the anode and the cathode, a 
change in cathode material changes the 
cell-output voltage. Although the NCM 
formulation increases cell voltage by only 
about O.IV, that increase is still enough 
to make an impact on the host design. 
And NCA (lithium-nickel-cobalt-alu- 
minum dioxide), a formulation coming 
hot on the heels of NCM, will have an 
even greater differential. 

Due at the end of 2006, NCA is anoth- 
er formulation from Panasonic. The for- 
mulation is similar to NCM, but it has 
more nickel, and aluminum replaces 
manganese, which also connotes less 



volatility and explosive potential, says 
Tichy. "The other advantage is that the 
more nickel you put in, the higher the 
capacity will be." At 620 Whr/1, NCA 
provides the industry's highest energy 
density. Correspondingly, the cell's output 
voltage will probably be 3.6V. 

In addition to the higher output volt- 
ages of the new battery chemistries, the 
batteries charge at a higher voltage, pos- 
ing a problem for systems that provide a 
system charger that must be able to dis- 



tinguish the battery type before charging 
at the higher voltage. Brian Bamett, man- 
aging director at Tiax LLC and confer- 
ence chairman of the Portable Power 
2005 conference, says, "Rather than hav- 
ing a simple world when there were not 
a lot of versions of lithium-ion batteries, 
we're headed in the direction of having 
numerous versions that don't have the 
same terminal characteristics. If you 
took today's 4-2V lithium-cobalt-dioxide 
technology and you accidentally put that 
into a charger that was not smart enough 
to recognize the different chemistry, you 
could have a very serious incident." Sys- 
tem designers can guard against a user's 
charging cells with the wrong voltages by 
implementing authentication circuitry in 
their pack (Reference 1). 

Dave Heacock, vice president of Texas 
Instruments' portable-power-management 
business, sees a lot of electronic-system 
designers trying to squeeze every last bit 
of power from the system battery pack. 
"The battery can be a point of differenti- 
ation in the marketplace if it's done well, 
and the extra little money you pay there 
goes a long way toward making your sys- 



tem sell," he says. The new lithium-ion- 
battery formulations are attractive but 
also can introduce variations into battery- 
performance characteristics that weren't 
there before. "A lot of the battery man- 
ufacturers' efforts are in trying to squeeze 
more out of the same space and in trying 
to make the cell safer. When they first 
develop a cathode or an anode, they often 
have some difficulties in having it per- 
form to the same level as some of the 
more mature chemistries," he says. The 



BATTERY MANUFACTURERS' EFFORTS ARE IN 
TRYING TO SQUEEZE MORE OUT OF THE SAME 
SPACE AND IN TRYING TO MAKE THE CELL SAFER. 



1 TABLE MOST POPULAR RECHARGEABLE- BATTERY TECHNOLOGIES AND THEIR CHARACTERISTICS 1 


Battery chemistry ' 


Energy density (Wlir/kg) ' 


Cliarge cycles 


Self-discharge rate (%/month) 


1 Special disposal 


Nickel metal hydride 


60 to 120 


200 to 1 000 


30 ^ 




Nickel cadmium 


45 to 80 


700 to 1300 


20 


1 Yes 


Lithium ion 


110 to 250 


500 to 1 000 


Oto 10 


1 Yes ■ 



Courtesy NanoMarkets, "Micro Power Sources: Opportunities from Fuel Cells and Batteries for Mobile Applications," September 
2005. 
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new batteries have such severely restrict- 
ed operating ranges that system designers 
may need to choose a battery pack that 
has built-in battery-management circuit- 
ry, such as authentication. 

But system designers can't just hand off 
all battery-pack decisions to their battery- 
pack vendor. Heacock cautions, "Make 



sure you know what's inside," especially 
regarding the cells themselves. The 
process technology for lithium-ion cells, 
especially among the long-time compa- 
nies, such as Sanyo, Panasonic, and Sony, 
are well-established, and production 
results are repeatable. However, for newer 
battery manufacturers, often the hungry 



Chinese manufacturers, variance in bat- 
tery specifications, such as temperature 
versus discharge rate, can vary wildly from 
cell to cell. "Newer companies compete 
on price, so make sure you know what 
you're getting for that price. Ask how sta- 
ble their cell-to-cell variance is," says 
Heacock. 



A BATTERY OF DEFINITIONS 

hydride). Nickel cadmium 
can provide a high drain 
rate, which maizes it the 
incumbent technology in 
power hand tools. For 
example, a power drill 
pulls a large current to 
provide sufficient torque. 
However, due to cadmi- 
um's toxicity, manufactur- 
ers are phasing out nickel 
cadmium when possible 
because of ROHS (reduc- 
tion-of-hazardous-sub- 
stances) requirements. 
NiMH is popular in low- 
cost systems, such as 
cordless phones. Ad- 
vances in high-drain capa- 
bilities, as well as low 
cost, mean that lithium 
ion is moving into both 
NiCd and NiMH territories. 

Cell: A cell is a battery 
used only in battery 
packs. The most popular 



Figure A The most popular 
lithium-ion cell is the 18650, 
an 1 8-mm-diameter, 65-mm- 
long cylinder. 



Lithium Ion: This technol- 
ogy is the most popular 
rechargeable-battery 
technology for most con- 
sumer products. Lithium 
is the lightest metal and 
provides the highest 
energy density of all bat- 
tery formulations; howev- 
er, it is also highly reac- 
tive and unstable during 
charging. Batteries 
almost universally use 
lithium ion, a more stable 
form. However, its ionic 
form is still explosive in 
certain conditions. (For a 
graphic depiction of lithi- 
um-ion cells subjected to 
overcurrent conditions, 
see the "Techflicks" side- 
bar in Reference A.) 

Lithium-polymer cells 
have similar specifications 
to those of lithium-ion, 
but they feature a semi- 
rigid and thin form factor 
with only half the lifetime. 
Their "flexibility" is often 
misleading, because lithi- 
um-polymer cells should 
remain flat when you 
install them in a device, 
not even bending for 
installation in the battery 
system. They are also 
more expensive 
(Reference B). 

Nickel-based batteries: 
The two most popular are 
NiCd (nickel cadmium) 
and NiMH (nickel metal 



lithium-ion cell is the 
18650, an 18-mm-diame- 
ter, 65-mm-long cylinder 
(Figure A). 

Battery pack: A battery 
pack is a set of cells and 
their protection/authenti- 
cation/security circuitry 
(Figure B). Most lithium- 
ion rechargeable batter- 
ies are battery packs con- 
taining one cell, such as 
those in cell phones, or 
as many as four cells, 
such as those in laptops. 
Battery packs are more 
than just convenient ways 
of matching and packag- 
ing cells: The require- 
ments for lithium-ion- 
safety specifications are 
such that the pack is nec- 
essary to package safety 
circuits into the device. 
Even a device requiring 
only a single lithium-ion 
cell uses a single-cell 
pack, with the security cir- 
cuits around the cell, and 
the whole unit shrink- 
wrapped or encased in 
plastic. A single-cell bat- 




Figure B Battery packs 
package lithium-ion cells 
and any authentication cir- 
cuitry into a sealed unit. 



tery pack, such as the one 
in a cell phone, requires 
7 to 8W; a four-cell pack 
in a laptop requires 35 to 
70W. 

Charge cycle: Most lithi- 
um-ion batteries are fast- 
charged to 80% of their 
capacity and then trickle- 
charged to full capacity. 
One charge cycle uses all 
of a battery's power but 
not necessarily from a sin- 
gle charge. For example, if 
a device discharges to half 
its power and then fully 
recharges, and it repeats 
this cycle the next day, it 
would count as one 
charge cycle. Each time a 
charge cycle completes, 
the battery's capacity 
diminishes slightly. 
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Tichy agrees- "Once the new formula- 
tions, such as NCM, start to become 
available, we're likely to see variations 
among all vendors," she says- "Variations 
in cathode formulations may yield differ- 
ences between vendors' offerings: There 
may be a slightly different voltage de- 
pending on the exact mixture of each 
vendor." Each manufacturer will desig- 
nate its cell's operating voltage and give 
customers the curve they can expect. But, 
if the pack vendors design a pack for one 
supplier's cell, it may not be able to get a 
second source for the new formulation. 

Heacock lists useful information av- 
ailable from smart-battery packs with 
authentication capability, such as cell-ID 
number, overvoltage rating, temperature 
reporting, and remaining capacity. He 
points out that this information becomes 
important when system designers struggle 
to make one system work for a variety of 
users. "Batteries act differently depending 
on their environment," he says. "For exam- 
ple, an MP3 player in an air-conditioned 
office experiences different battery re- 
sponse from a player that is left in a car dur- 
ing the summer months. The difference in 
performance may upset the user who may 
blame the unit's battery. But if you can 
design the battery system to allow for the 
differences in how consumers use them, 
the batteries seem to be acting the same." 

In addition to allowing for system envi- 
ronments and the effect they have on bat- 
tery performance, designers have to as- 
sume that an end customer may use an 
inappropriate battery pack in a quest to 
economize on a replacement or backup 
pack. Gene Armstrong, managing direc- 
tor of thermal and battery management 
for Maxim, describes a likely scenario: 
"We have customers who are planning on 
switching over to the new cells with high- 
er charge voltage of 4-4V, but this change 
can cause problems from a safety stand- 
point, because the minute they switch 
over [to the new cells], there will be a 
clone battery pack available from some 
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unknown source, using cells with the old 
technology that charges at 4-2 V. If the 
charging system applies the 4-4V to the 
old cells, it's potentially a dangerous sit- 
uation." Authentication devices in the 
pack can prevent charging circuitry from 
applying an overvoltage to an after-mar- 
ket clone pack. 

Most lithium- ion-battery packs go into 
laptops and cell phones. According to 
Tiax's Barnett, these two applications 
consume more than 80% of lithium- ion- 
cell sales. However, yet another new cath- 
ode formulation is evolving that will 
make lithium ion practical for high-cur- 
rent applications, such as rechargeable 
portable power tools, which nickel-cad- 
mium technology currently dominates. 
LiMn^O^ ( lithium-manganese-oxide ) 
technology has the potential to reach 
3 00 A for short pulses of a second or two. 
(The typical lithium 18650 cell today can 
support a 4 to 6 A pulse.) The new cell 
can extend 80 A for about 10 seconds. 
Currently, nickel cadmium is the incum- 
bent technology for power tools because 
of its ability to support a high drain rate. 
However, nickel-cadmium batteries run 
afoul of ROHS (reduction-of-hazardous- 
substances) and WEEE (waste-from-elec- 
trical-and-electronics-equipment) legis- 
lation, so look to the new lithium formu- 
lation of lithium manganese oxide to grad- 
ually replace nickel cadmium in power 
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While advancing the technology of high speed turning, Mill-Max 
has become North Atnerica's premier manufacturer of machined 
interconnect components. By combining precision-machined pins, 
"mtilti-fmger" receptacles and a variety of insulators, MiU-Max has developed 
an extensive family of high-quality IC sockets and interconnect products. 








Contact. 

Mill-Max and "Maxi'' the kangaroo leap forward with the introduction 
of our single and double row surface mount connectors using 
modular spring-loaded contacts. Their features include: 

• Seven sizes of surface mount contacts available from .177" to .295" 
profile. They can be aixanged in aiTays down to .100" grid. 

• Contacts with a precision-machined piston, base and gold-plated 
components assuring a 40,000 min. cycle life. 

• A long stroke relative to the low profile of the final assembly. 

• A current rating of 2 amps continuous, 3 amps peak. 

• Application specific insulators molded from high temp Nylon 46; 
this material is compatible with all soldering processes including 
"lead-free" profiles. 

• Typically used as the base unit (battery charger) interface for 
portable equipment such as mobile phones/radios, bar code 
readers, medical and test instalments. 
They can also be used as a 
rugged surface-to-surface 
connector between 
circuit boards. 



For more information and 
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BY JON TITUS • CONTRIBUTING EDITOR 

HANDS-ON REVIEW: 

ANALYZERS REVEAL 
DIGITAL SECRETS 

PC-BASED LOGIC ANALYZERS CAN REVEAL MUCH ABOUT DIGITAL 
SIGNALS. HERE'S THE LOWDOWN ON SEVEN MODELS WE TESTED. 

Logic analyzers capture digital signals and display state 
information, timing information, or both. When test- 
ing or troubleshooting electronic equipment, engi- 
neers use these instruments to extract microcontroller 
timing information, monitor sequences of digital 
events, watch instructions go to and from a micro- 
processor, and so on. Wherever you need to monitor sequences of 
bits and bytes, youll find that a logic analyzer fills the bill In 
addition to watching the usual flow of signals on parallel lines, 
some logic analyzers can decode PC, SPI, CAN (controller- area- 
network), and other serial protocols. And, if you plan to debug 
an embedded computer, you also can decode instructions so that 
you can watch the flow of a program, step by step, as op-code 



abbreviations go by on a screen. 

Logic analyzers traditionally fit into 
large desktop enclosures, but several man- 
ufacturers now offer small, "pocket-sized" 
logic analyzers that rely on a host PC for 
display, control, and storage capabilities- 
We tested seven of these instruments and 
report our results for you here- Tests in- 
volved the use of a standard microcon- 
troller-development kit and simple pro- 
grams written in C- 

There are several areas of concern to 
keep in mind while evaluating these or 
similar instruments in your lab- 
Connections: Several analyzers come 
with small grabber clips- Connecting to 
eight signals on a row of pins spaced at 
0-10-in- intervals provides a challenge- 
Other instruments provide a choice of 
female contacts that push onto 0-025 -in-^ 
pins- 

Triggers: All logic analyzers in this 
review provide triggering, because that's 
what logic analysis is all about: You want 
to see what happens when an event occurs- 
Unfortunately, some analyzers provide 
triggers that act on only logic levels and, 
in one case, could set up a trigger based on 
only four signals- These days, analyzers 
need level and edge triggering, and some 
engineers need sequential triggers, such as 
"trigger if Condition A follows Condition 
B-" Know your triggering requirements, so 
that a purchase doesn't disappoint you- 

Cursors: These movable marks that 
locate signal features prove troublesome 
in many displays- Software should give 
you complete control over cursors and 
should show you where the cursors are, 
how to control them, and the time mark 
they represent in a display- The ability to 
calculate the time between sets of cursors 
makes them particularly valuable- A dis- 
play should not "lose" cursors so that you 
have to go and look for them- 

And last, you cannot have a good logic 
analyzer without solid documentation- 
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[±] For details on our testing toois and 
procedures, see tiie sidebar ''How we 
ran tiie tests" at www.edn.com/ 
051205df1 . At this WnK, you'ii aiso find 
tiie code we used for tests 1 and 2, 
wtiicti you wiii read about in tiie foiiow- 
ing pages, as weii as a tabie summariz- 
ing eacti of tiie seven iogic anaiyzers. 
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BitScope BS-50 Pocket Analyzer 



Price: $345 

www.bitscope. com 

This small module provides logic-analyz- 
er and DSO (digital'Storage-oscillo- 
scope) functions, and it includes a single- 
channel AWG (arbitrary waveform gen- 
erator). Setup went smoothly, although 
engineers may find it easier to work with 
a 26'pin header than with individual 
wires. The color-coded wires that accom- 
pany the analyzer provide a grabber on 
one end and a 0-025 -in. female connec- 
tor on the other. The grabbers crowd the 
I/O pins on our test board, but they fit 
snuggly and held in place during testing. 

The BitScope DSO 1.2 software starts 
easily, but it takes a moment to realize 
that you have to click the power button 
to "start" the instrument. The software's 
initial screen looks like a DSO, but a click 
on the logic button on the right-hand 
menu produces the eight logic signals the 
module can acquire. When the software 
changes to logic- analyzer mode, the 
upper- left trigger area displays each logic 
signal and an associated button that lets 
you select a logic-zero, logic-one, or don't- 
care condition for triggering. The soft- 
ware does not provide for edge triggering 



or for a sequence of events that trigger 
acquisition of signals. 

We ran the Test 1 code on the Rabbit 
board and set triggering for a logic-one on 
DO and a logic-zero on Dl. The display 
seems upside-down, with D7 at the top 
and DO at the bottom. The software pro- 
vides no way to change the color or to 
name the traces. 

To acquire data, users click "repeat" to 
continuously acquire and display data 
whenever the analyzer "sees" the trigger 
condition and is not busy acquiring data. 
A click on a trace, though, initiates a one- 
shot capture. The timebase controls let 
users select a timebase of 25 nsec to 200 
|jLsec and a zoom factor of 10 to 20 X . The 
display shows a time-delay value, the 
timebase value, and the sample rate. We 
chose a l-fxsec timebase and a IX zoom 
factor, and the data generated by Test 1 
appeared in the display area. Although 
the display triggers properly, we could not 
relate the TD value to anything we had 
set or could control. 

The display provides an x-axis cursor 
and a display of the x cursor's time rela- 
tive to the trigger. But good luck if you 
can't remember where you placed the cur- 
sor the last time you used it. No subdis- 




play shows the location of the cursor rel- 
ative to your current view of the acquired 
data. And you can't click within a display 
of data to retrieve the x cursor from a dis- 
tant or forgotten position; you must hunt 
for it. 

We performed the BIOS interrupt- tim- 
ing measurements on the Pocket Ana- 
lyzer's data and calculated an average 
period of 488 fisecEDN 

Bottom line: Before you use this 
analyzer, the manufacturer should 
upgrade its software. The inability to 
easily move a timing cursor and the 
lack of signal-name assignments 
and color codes make the instrument 
difficult to use. Because the manual 
concentrates on DSO measure- 
ments, logic-analyzer operations get 
scant coverage. 



Cwav US Bee ZX Test Pod 



Price: $895 

www.usbee.com 

This module provides eight digital in- 
puts, a ground line, an external trigger, 
and clock lines. The built-in wires come 
with female adapters that slide onto 
0.025 -in.^ pins. The unit includes micro- 
clips that can grab component leads. 
Sampling of digital signals takes place at 
nine rates from IM to 24M samples/sec. 
Because the module uses a PC's internal 
memory for storage, acquisitions can run 
from IM to 810M samples, depending 
on the PC memory available. Users can 
add modules to acquire data from more 
than eight signals at a time. Each mod- 
ule provides both 5 and 3.3V outputs. 



The display window shows all eight 
color-coded signals, which users can 
name as they like. Four columns near the 
signal names let you select sequential-trig- 
ger conditions based on logic-one, logic- 
zero, or don't-care states. If you do not set 
a trigger condition, the module starts to 
acquire data as soon as you click on the 
"acquire" button in the acquisition area. 
The trigger levels prove easy to manipu- 
late and the module easily acquires data 
from the Test 1 and Test 2 program runs. 

The display area includes two cursors, 
X and O, that you can move freely 
through the data. Three windows show 
the time position of the cursors, as well 
as the time difference between X and O. 
You can set X, O, or T (the trigger con- 




dition) as the reference for time meas- 
urements. Measuring the times between 
the expected glitch in the data during 
Test 1 provides an average time of 485 
|jLsec from eight consecutive measure- 
ments. The cursors and the display con- 



68 EDN I DECEMBER 5, 2005 



trols are easy to use- An additional meas- 
urement, Insta-measure, lets you select 
width, frequency, period, or byte- Select 
one of these measurements, and it appears 
next to the cursor as you move it among 
the waveforms- 

Because the module comes with what 
looks like an external trigger input, we 
decided to use it to trigger the logic ana- 
lyzer. Although the USBee ZX software 
includes help files that exist as video seg- 
ments, the triggering options that the 
video segment describes do not match the 
latest version of the logic-analyzer soft- 
ware- A printed manual would help. 

How hard can it be to configure a sim- 
ple trigger input line? We set up condi- 



tions to try and clicked on the "acquire" 
button. A blue "waiting-for- trigger" indi- 
cator flashed for longer than appropriate 
for the signal we had selected as the trig- 
ger source. So, we clicked on the "stop" 
button to abort the run. That action sent 
the software into the "not-responding" 
condition, and, in this state, the Windows 
task manager could not shut down the 
program. To double-check the operation, 
we tried similar external trigger actions, 
and all locked up the program. If you 
leave it long enough, the program even- 
tually shuts down. 

Tim Harvey at USBee at first re- 
marked that we had uncovered an un- 
known bug in the software, which 



should otherwise let users gracefully 
"back out" of a condition in which the 
software waits for a trigger and a clock 
signal. He later explained that we prob- 
ably needed to upgrade our USB-port 
drivers because early drivers had a prob- 
lem that prevented certain timing oper- 
ations from working properly. EDN 

Bottom line: The logic-analyzer func- 
tions work well, and the ability to cas- 
cade USBee ZX modules in parallel 
makes the logic-analyzer functions 
useful. This unit will appeal to design- 
ers who develop small embedded sys- 
tems and who need basic logic-analyz- 
er functions. 



Dynon Instruments Elab-080 



Price: $495 

www. dyn oninstrumen ts. com 

The Dynon Instruments Elab-080 pro- 
vides a 16-channel logic analyzer, a two- 
channel digital oscilloscope, and a one- 
channel arbitrary- waveform generator. 
The package includes two 60-MHz 
IX/lOX scope probes. We confined 
investigations to the logic- analyzer por- 
tion of the unit and its software. The 
package includes the main instrument 
box, a large plug- in power supply, and 
connection leads. The leads connect to 
a header that furnishes eight signal leads 
and a ground for each. Labels CHI , CH2, 
and so on mark the leads so that you need 
not rely solely on the color-coded wires 
for identification at your system under 
test. 

Unfortunately, the package lacks a CD- 
ROM, manual, and quick-start guide. 
Instead, a slip of paper asks users to visit 
the Dynon Web site to download the lat- 
est software. We downloaded the software 
onto a USB memory stick and moved it 
to an isolated lab PC. The setup went 
well, and the installed software displayed 
windows for the logic-analyzer wave- 
forms, oscilloscope signals, and spectrum 
display. 

Controls make it easy to set a sample 
rate (1 kHz to 100 MHz in one, two, or 
five steps) and a sample size (Ik sample 
to 32k samples in 2n steps). To test the 



logic-analyzer functions, we ran Test 1 so 
that we had some data to capture. Click- 
ing a green arrow button in the control 
window started an acquisition, but we 
could see no changes in the data, and, no 
matter how we adjusted the sample rate, 
the display timing remained fixed. 

Off to one corner, the control window 
displays a group of two buttons: (DSO/ 
LA Zoom). Yes, the label is in parenthe- 
ses. The buttons carry labels S and nS. 
Clicking the buttons zooms the display 
out and in, respectively, so we could see 
more or less of the data. After zooming 
appropriately, we could see the eight 
logic-zero signals. 

Clicking on the logic-analyzer tab in 
the control window opens a subwindow 
that lets you quickly label signals, desig- 
nate a signal's source, and change a sig- 
nal's displayed color. Changing a name 
does not change the signal's channel 
number — a nice feature that makes it easy 
to name signals and still know what 
points they come from on a circuit. A 
"buses" tab lets users group signals and dis- 
play bus information in octal, binary, dec- 
imal, or hex format. 

A "trigger" tab lets you select an op- 
tional trigger, but trigger choices appear 
limited. You can select to trigger only on 
patterns that involved channels 00 to 
03. The trigger-setting window accepts 
any binary pattern except for 00002, 
The unit's help file explains that a hard- 




ware limitation causes that problem. 
The analyzer may accept an external 
trigger signal on a separate pin, but 
nothing in the trigger window provides 
a clue about using this input line. Sev- 
eral trigger combinations work as you 
would expect. When you remove the 
check mark from the enable-trigger 
option, the analyzer simply acquires data 
as soon as you click on the green arrow 
button. 

The display provides two timing cur- 
sors, A and B, that have little value. 

The Elab-080 software displays numer- 
ic-timing information in a separate win- 
dow so that you can view state changes 
as they relate to sample times (timing 
analysis). Unfortunately, the display 
simultaneously shows only 19 time- 
stamped samples, and you cannot ex- 
pand the size of this window. 

The lack of a manual and a quick-start 
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guide troubles us. A user new to logic ana- 
lyzers and other PC-based instruments 
needs some hand-holding that this prod- 
uct doesn't provide- The software comes 
with a help file that includes some expla- 
nations of controls and displays, but the 
information about the timing cursors, for 



example, simply explains that they exist 
and that a user can move them.tii^tf^ 

Bottom line: The instrument provides 
more functions than you would ex- 
pect, which may make it attractive in 
some lab situations. The lack of trig- 



gering options and cursor-timing in- 
formation, however, limits the use of 
this instrument as a logic analyzer. 
When compared with the other in- 
struments, this one fails to deliver the 
performance you should expect from 
an instrument that costs almost $500. 



Link instruments LA-2124-128K 



Price: $800 

www.linkinstruments.com 

Link Instruments provides a family of 
logic analyzers that operate with a PC 
over either a parallel-port or a USB-port 
connection. We chose the least-expen- 
sive model, which uses the parallel port- 
Users who have another device con- 
nected through the parallel port may opt 
for a USB-compatible model with a faster 
sampling rate and more channels but at 
higher cost- The software setup goes 
quickly until Windows asks you to install 
a device driver. The company's technical- 
support person claims that the driver 
exists within the installed software direc- 
tory (C:/la2124), not on the supplied CD- 
ROM. He also suggests downloading Ver- 
sion 1.34 of the software. 

Hardware setup goes easily, too, al- 
though we dislike pushing individual wires 
onto small pins. We'd prefer a cable con- 
nected to a single header. The analyzer 
comes with 30 color-coded E-Z-Hook 
(www.e-z-hook.com) clips, though, so you 
can attach the clips to the signal pins and 
the clips to the analyzer's wires. This 
model accommodates as many as 24 logic 
inputs, and it provides for an external 
clock and trigger signal. 

After connecting eight wires plus 
ground, we ran the LA-2124 software and 
set up Test 1 on the Rabbit test board. A 
click on the displayed "go" button caus- 
es the unit to acquire data in single, nor- 
mal, or automatic mode. In single or nor- 
mal mode, the analyzer waits for a trigger 
and then acquires data. Normal operation 
acquires a new buffer's worth of data after 
each trigger. Automatic mode acquires 
data regardless of the trigger settings. 

After adjusting the sample rate with a 
plus and a minus button, we could see use- 
ful test results. (The sample-rate control 



offers 14 1-2-5 steps from 5k samples/sec 
to lOOM samples/sec.) A right click on 
the signal-name column lets you change 
the designation for each signal and its 
color. Trigger setup involves clicking on 
"trigger" and then on "trigger word." You 
can set up a pattern of logic levels and 
don't-care conditions (logic zero or logic 
one) for a group of eight signals. You can 
select a trigger or trigger-false condition, 
and the software lets you establish triggers 
in binary, hexadecimal, ASCII, or deci- 
mal formats. The trigger menu also pro- 
vides a threshold setting that ranges from 
-1.15V to +2.80V. The default is 1.4V. 

Set the relative size of the pretrigger and 
post-trigger record lengths by dragging the 
red trigger cursor along a time line that 
represents the data-buffer's depth. A small 
box, or timing window, on this line rep- 
resents the amount of information in the 
display window below it. Cursors A 
through D let you mark positions in the 
data, and you can use cursors A and B to 
measure the time between two points or 
between each cursor and the trigger point. 
The BIOS interrupt period is 488 [xsec. 

The cursors are easy to use and helpful. 
You can track a cursor by its color, and a 
check mark in a small display also lets you 
know which cursor you have under con- 
trol of the mouse. Cursor movements 
involve "grabbing" one with the mouse, 
or you can select one in the upper-left cur- 
sor box and use six buttons to move it left 
or right in time increments. The cursors 
also appear along the time line, so you 
always know their locations. Menu 
choices let you quickly move the cursors 
into the display area. The display pro- 
duces the state data as hexadecimal, bina- 
ry, decimal, or ASCII characters. You can 
assign your own values to the display and 
can include a translation table. The trans- 
lation table lets you establish op-codes for 




a processor so you can examine instruc- 
tions and data as they flow over buses in 
a system. By adding extra columns of data 
in different formats, you can examine 
state information as binary and hexadec- 
imal codes. 

The software neither "collapses" a 
group of signals into a bus nor displays a 
hex, decimal, or other code for bused sig- 
nals. But the state window provides some 
of those capabilities. The state window 
and the timing window do not link to 
each other, although you can coordinate 
cursors between them. You can insert a 
"spacer" — essentially, a colored bar — 
between groups of signals to separate 
them from other signals.EDN 

Bottom line: There's a lot to like 
about this instrument. The built-in 
ability to handle 24 inputs as well as 
an external clock and trigger makes 
this instrument useful for embed- 
ded-system designers. The ability to 
add modules makes it easy to ex- 
pand digital inputs. The menus are 
generally intuitive, although we had 
to ask tech support how to remove a 
spacer. If the analyzer lacks any- 
thing, it's the ability to set up edges 
as triggers and to establish sequen- 
tial trigger conditions. We give this 
unit high marks, and, in this case, 
the lack of a printed manual causes 
no problems. 



70 EDN I DECEMBER 5, 2005 



Ready! 

Design with Quartus^ II 
development tools. 



Go to 
Market! 

Ramp to production with Stratix II 
FPGAs or migrate seamlessly to 
Hardcopy® II structured ASICs. 




The Programmable Solutions Company 
www.altera.com 



(Copyright © 1005 Altera C^orporation. All rights reserved. Altera, The Programmable Solutions Company, the stylized Altera logo, specific device designations, and all other words and iogos 
that arc identified as trademarks and/or service marks are, unless noted otherwise, the trademarks and service marks of Altera Corporation in the U.S. and other countries. All other product or 
service names are the property of their respective holders. Altera products are protected under numerous U.S. and foreign patents and pending applications, mask work rights, and copyrights. 



EVIEW 



NCI GoLogic-72 System 



Price: from $4300 

www.nci-usa.com 

The GoLogiC'72 System provides for as 
many as 72 digital inputs and eight clock 
inputs, which makes it a powerful tool for 
testing and debugging embedded systems 
that require monitoring of several buses, 
I/O ports, and control signals- The unit 
comes with all 72 connections, split into 
two groups- Each group of eight labeled 
connections passes through a small harness 
that makes it easy to handle them all 
simultaneously- This feature simplifies 
setup when attaching connections to a 
board. The wires each furnish a female 
connector that pushes onto 0.025'in.^ 
pins, which is how we used the logic ana- 
lyzer. NCI also provides micro-grippers ($4 
each) and nano-grippers ($7 each) to con- 
nect with small and tiny component leads. 

The GoLogic system comes with a CD- 
ROM, and it takes little time to install the 
software and get it running. The module 
connects to a supplied power cube and to 
a PC through a USB cable. The compre- 
hensive manual provides basic informa- 
tion on how the analyzer works and then 
goes into details about sampling, clock- 
ing, state analysis, timing analysis, and 
triggering. Unfortunately, the manual 
looks formidable, and no quick-start tuto- 
rial exists to take you on a tour through 
the many options and menus. 

Lacking such a tutorial, we plunged in 
and connected the lines labeled AO to A7 
plus two ground lines to the test board. A 
setup menu lets you select a sample rate, 
memory depth, and the type of sampling. 
Nine options for sampling include PC 
and SPI modes for troubleshooting seri- 
al communications in embedded systems. 

Next, you select the channel groups, 
which show the wire color codes and indi- 
cate signal activity on lines AO to A7. The 
threshold for the signals is 1.58V, but you 
can reset it for ECL signals or adjust it from 
—4-90 to + 5.27V for other logic families. 

We downloaded Test 1 to the Rabbit 
test board to make information available 
to the analyzer. If you need to perform 



more than basic triggering, plan to spend 
time learning about the various triggering 
modes by experimenting with them. To 
start acquisition of data for Test 1, we 
wanted to trigger on a falling edge on sig- 
nal AO. Clicking on the setup tab lets you 
select a simple edge trigger, but we could- 
n't figure out how to select the AO signal. 
After we gave up and switched back to 
the waveforms display, we noticed small, 
gray squares associated with each signal. 
Clicking on these squares lets you select 




a rising, falling, rising-or-falling, or 
unused triggering attribute. You can scan 
through the trigger settings you used pre- 
viously, which makes it easy to keep sev- 
eral settings at hand for complex tests. 

Displays that include at least one chan- 
nel (signal) include three pairs of cursors 
you can move with the left or the right 
mouse button to measure times between 
events. Luckily, you need not drag a cur- 
sor from place to place. Clicking on an 
area of the waveform display moves the 
selected cursor to the clicked-on position. 
The cursor notations need some enhance- 
ments, though. It is difficult to tell which 
set of cursors is active and which mouse 
button controls a given cursor. 

Moving on to the binary-count test 
(Test 2) lets you set up a pattern trigger for 
EE (hexadecimal) and set the duration of 
the trigger for at least 8 fxsec, which put it 
about in the middle of a 1 -LSB level. That 
trigger setup works, and the display pro- 
vides the expected data. In this test, the 
gray trigger squares indicate logic levels 
rather than transitions. You can click on 
these squares to change trigger conditions 



without going back to the setup menu. 

The logic- analyzer software also pro- 
vides a sample-by-sample numeric display 
of information. So, the software lets you 
monitor data value on a bus rather than 
waveforms. You can still use the cursors to 
mark values and determine the time 
between them. If you have a waveform 
and a numeric display open simultane- 
ously, moving around in one display also 
moves your view in the other. Thus, you 
can easily track logic levels and numeric 
data. The logic analyzer detects the anom- 
aly that the Rabbit board's BIOS causes 
and measures the time over 10 occur- 
rences over a period of 489 |JLsec. The dis- 
play also shows two "glitches" on the A7 
and A6 lines where the other signals 
change state. The period of these glitch- 
es always equals the sampling period: 8 
nsec at 125M samples/sec and 20 nsec at 
50 MHz. So, it seems unlikely that the 
glitches existed; they do not expand and 
shrink in sync with the sampling clock. 
But glitches might arise from simultane- 
ously switching so many loads (the LEDs). 

Do the glitches you observe with the 
logic analyzer but not with the scope 
exist, or does the logic analyzer "see" 
something that doesn't exist? You'd need 
a storage scope to tell.EDN 

Bottom line: Although priced much 
higher than any other analyzer, the 
wealth of triggering options provides 
a strong justification for buying this 
unit. The display options and the cur- 
sors make it a solid analytical tool. 
Plan to spend time learning about the 
triggering modes and options. 
Unfortunately, lack of time prevented 
us from exercising many capabilities, 
such as searching data for patterns 
and triggering a storage scope and 
simultaneously displaying analog and 
digital data. The analyzer links with 
disassemblers and displays C/C+ + 
source code so you can observe op- 
code-by-op-code operation of a pro- 
gram. Software add-ins that provide 
these functions cost extra. 
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Highly Integrated Stereo CODEC Ideal for 
Portable, Low-Power Digital Audio Applications 



Free Sample 



CS42L51 — New IC Minimizes Player Component Count, Size & Cost 



9 Register for a free sample d 

OF THE CS42L51 TODAY. 

Plus, get the datasheet, application 
notes and more. 

www.cirrus.com/CS42L51 



* Ground-centered outputs reduce 
bill-of-material costs and save 
space — eliminating the need for large, 
expensive dc-blocking capacitors. 



r 



• Consumes less than 12 mW 
@ 1.8 v power supply. 



• Available in a 32-QFN 
lead-free assembly. 
Priced from $3.95 (US) in IK qty. 



I 



The CS42L51 delivers excellent 
audio performance while providing 
portable device developers with an 
innovative solution that maximizes 
battery life while minimizing end- 
product form factors. The CS42L51's 
key distinction is that it operates 
from a single, 1.8 V power supply for 
low-power consumption, yet delivers 
plenty of output power, 46mW, into 
stereo 16 Q, headphones for a great 
listening experience. This highly 
integrated 24-bit, 96-kHz stereo 
CODEC is based on a multi-bit 
Delta-Sigma architecture which 
allows infinite sample-rate adjustment 
between 4 kHz and 100 kHz. 

Applications 



By generating its own on-chip 
negative power supply voltage, the 
CS42L51 provides ground-centered 
outputs, which eliminates costly, 
space-consuming DC blocking 
capacitors required by some com- 
peting solutions. The elimination 
of these capacitors not only reduces 
the implementation cost but it also 
greatly simplifies product design and 
saves valuable circuit board space. 

This next-generation CODEC is an 
ideal choice for any portable audio 
product developer. For complete 
specifications and to register for a 
free sample, visit our web site today. 



• Hard-disc drive & Flash-based 
portable audio players 

• Personal media players 

• Mini-disc players & recorders 

• PDA's & smart phones 

• Digital cameras & camcorders 



Digital voice recorders 
Wireless headsets 
Guitar effects pedals 
Portable audio recording systems 
Portable gaming systems 

www.cirrus.com/CS42L51 



© 2005 Cirrus Logic, Inc. All rights reserved. Free sample offer subject to availability. 




Saelig Ant16 USB Logic Analyzer 



Price: $333; 

1 6-channel clip-lead 
set and cable, $39 

www.saelig.com 

The Ant 16 analyzer comes with an ana- 
lyzer module, clip-lead set, getting-start- 
ed guide, and mini-CD-ROM. The 
equipment provides a basic logic-analyz- 
er module and software that communis 
cate through a USB connection. Software 
setup takes little time, although Windows 
XP displays a caution message about using 
software that had not passed "Windows 
Logo" testing. We ignored the message 
and proceeded to start the logic- analyzer 
software. The unit provides 
sample steps in 21 increments, 
from 100 Hz to 500 MHz, plus 
a synchronous mode con- 
trolled by an external clock 
input. 

Setup with the test board 
takes little time, although 
placing eight signal clips and 
two ground clips on a row of 
0.025 -in. header pins makes 
for a crowded space. Users may 
want to make up their own 
color-coded cables with small- 
er clips from a supplier such 
as E-Z-Hook (www.e-z-hook. 
com). Test leads that push 
directly onto square pins 
would help, too. 

After you connect the analyzer and the 
test board and start the Ant 16 software, 
a small display indicates signal activity on 
all the inputs you connect. This feature 
indicates that the module "sees" activi- 
ty on its connections. 

The logic analyzer has no difficulty 
displaying the results of a standard test, 
although figuring out the triggering 
modes causes some head-scratching. The 
manual's academic descriptions of how 
trigger conditions work provide no 
hands-on explanations of how to make 



the triggers work. Without screenshots, 
references to menus, and step-by-step 
instructions about using triggers, the 
manual has little value, and it diminishes 
the value of this product. 

Triggering involves setting levels, sig- 
nal edges, and don't-care conditions for 
the signals in use near each displayed sig- 
nal. Once you figure out how to set a sim- 
ple trigger condition to match a pattern 
or detect a signal change, you'll have no 
difficulty capturing data. A slider on top 
of the display lets users set the pretrigger 
record from 10 to 90% of the display in 
10% increments. 

Don't expect the Ant 16 to operate like 
an analog scope, though. The display 




doesn't refresh until the software detects 
a trigger condition and acquires all the 
data. You might expect to see a constant 
flow of digital information when the unit 
is in continuous mode, but the software 
instead constantly updates the entire dis- 
play after each trigger. It takes a bit of get- 
ting used to. 

Although the cable provides a con- 
nection for an external trigger signal or 
clock input, the manual lacks informa- 
tion about how to set up and use this line. 
Likewise, a separate output line, trigger 



out, may serve a useful purpose, but no 
documentation describes it. 

The display provides a cursor that 
shows the hexadecimal and decimal 
value for an eight-input group of signals. 
We found no way, though, to change the 
display to octal or to group other signals 
and display their numeric value. The dis- 
play also includes two cursors (red and 
blue). The red one moves, but the blue 
remains fixed. The manual dismisses 
these cursors with one unhelpful sen- 
tence. Clicking on the logic signals 
moves the red cursor and provides tim- 
ing information, which is helpful. The 
purpose of the blue cursor remains 
unknown. 

While running the high- 
speed binary-counter pro- 
gram (Test 2), the display 
shows the expected odd tim- 
ing patterns. You use the red 
cursor to extract the time 
stamps for the observed 
"glitches," although you 
have to subtract sequential 
values to get time differences. 
Positioning two user-con- 
trolled cursors to compute a 
time difference would have 
sped the process. After meas- 
uring seven periods between 
glitches and averaging them, 
we came up with a 488-|JLsec 
period between them. That 
value matches the period 
expected from the test board.EDN 



Bottom line: Although this analyzer's 
logic-signal capture works well, we 
cannot recommend it until the manu- 
facturer revises its manual to include 
how-to information and examples 
that show specific settings and oper- 
ations. The software may provide 
many capabilities beyond those we 
discovered, but who knows? And 
we'd still like to know what the blue 
cursor does. 
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Experience the DaVinci Effect at Tl Developer Conference 2006. Register at www.ti.com/tidc06ednad 




ffordable, high-performance 
video processing in any format, 
on any device, in any seat in the house, 
t's the DaVinci Effect. 



DaVinci™ technology is a DSP-based system solution tailored for 
digital video applications that provides optimized software, 
development tools, integrated silicon, and support to simplify design 
and stimulate innovation in less time. It consists of: 

• DaVinci Optimized Software: Interoperable, optimized, off-the-shelf 
digital video and audio codecs, protocols, and user interfaces 
leveraging integrated accelerators, published APIs, and application 
specific frameworks that utilize a variety of real-time operating 
systems for rapid implementation 

• DaVinci Development Tools: Complete development kits, reference 
designs, and comprehensive ARM/DSP system-level IDEs to speed design 

• DaVinci Integrated Silicon: Scalable, programmable DSP-based 
system-on-chip solutions tailored for digital video applications 

• DaVinci Support/Ecosystem: System integrators, hardware and 
software providers, as well as Tl and third party comprehensive 
video system expertise 



When your video is better than live, that's the DaVinci Effect. See live action like 
you've never imagined: closer, clearer and crisper. DaVinci™ technology from 
Texas Instruments allows a high-performance, video processing platform to stream 
directly to a handheld device, an on-board system in your car or your home 
entertainment center. And because of its DSP-based programmability, you 
can create unique, feature-rich devices optimized with specific applications in 
mind and get them to market quickly. The applicability is greater, the design 
process is faster, and the time to begin is now. For a technical brief, go to 
www.thedavincieffect.com. 







DaVinci, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1 140AO © 2005 Tl 
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TechTools DigiView 



Price: $499 

www.tech-tools.com 

Although the software setup instructions 
don't follow the printed user's guide, pok- 
ing through menus leads you to the right 
choices: CDWeb^More Links: Soft- 
ware^d_dvL The program starts the 
installation of the DigiView code- Con- 
nection of the module through a USB 
cable and installation of the DigiView 
driver went flawlessly, though. 

The small logic-analyzer module sim- 
plifies connections by providing access to 
18 input channels and two 
ground signals through color- 
coded wires- Each wire comes 
with a female adapter that 
connects directly with 0-025- 
in-^ pins like those on our test 
board- The DigiView package 
includes small clips, too, so 
users can grab component 
leads- 

As the code starts, it pro- 
duces a colorful display of 
sample information on which 
you can try operations- But 
why take the simple path? We 
guessed and clicked on Con- 
fig, which popped open a win- 
dow that lets you select signals 
by their color-coded wires, 
assign them a name, choose 
polarity (invert the displayed 
logic level), and designate the displayed sig- 
nal's color- In addition, you can easily group 
the eight test signals to form a bus- 

The Config menu also assigns trigger 
conditions — combinations of logic levels 
on input lines followed by the detection 
of signal edges- This type of trigger is not 
as sophisticated as it is on other analyz- 
ers, but, for many situations, it does nice- 
ly- We set up several trigger conditions for 
the eight inputs- 
After you choose and arrange your sig- 
nals, you turn to the display, which pres- 
ents signals in a clean and colorful format- 
Two waveform displays show the same 



information at different zoom levels- 
Running the DigiView logic analyzer 
requires only a click on the Run button- 
The module acquires data at a fixed lOOM- 
sample/sec (10-nsec) rate- Unlike other 
analyzers that store information, the Digi- 
View saves data in compressed form, the 
equivalent of a 90-Gbyte file, according to 
the company- The software uncompresses 
only the data a user wants to examine on 
the PC's display- If the module sees no 
changes on its inputs, it doesn't save any- 
thing- Thus, when signals do not change 
rapidly, the "length" of the saved data 




record expands- So, if you need to mon- 
itor sequences of infrequent changes, this 
unit fills the bill- 
After acquiring data from the test 
board, we "unlinked" the two displays so 
that we could independently investigate 
the digital information- Linking the sig- 
nals, though, lets you home in on an area 
of interest and then zoom in on it in the 
other display- Because we defined a bus 
that combines the eight values, they 
appear as one logic trace with superim- 
posed hexadecimal values, as space per- 
mits- Bus traces include a small plus sign, 
which, when you click on it, expands the 



display to show individual bus signals- 

The DigiView software also includes a 
sophisticated search feature that lets users 
find conditions, such as signals at a spec- 
ified level, times above or below a limit, 
and so on- When the software finds a con- 
dition, it can attach a cursor mark to it- 
Search criteria you plan to use often can 
reside in the search-manager window- 
The software comes with several exam- 
ples that show how to apply a search- 

The display includes six cursors — A, B, 
C, D, X, and Y — that you can move along 
traces to indicate events and measure rel- 
ative times- The display notes 
the period between cursors, 
which makes them handy for 
determining the times be- 
tween events- Because the 
cursor can "stick" to a given 
trace, you can easily measure 
times between events on dif- 
ferent signals- Cursors also 
"snap" to signal transitions- 

The display of Test 2 data 
shows the timing anomaly you 
would expect due to the reg- 
ular interrupt from the real- 
time clock on the Rabbit 
processor board- Placing the X 
and Y cursors at the start of 
two "glitches" shows a period 
of 489 fxsec-EDN 

Bottom line: This excellent 
small logic analyzer offers sophisticat- 
ed display and analysis options. It is 
easy to set up and use. We recom- 
mend it to anyone involved with ana- 
lyzing logic signals in an embedded 
system. This unit provides a fixed 1.6V 
threshold, which makes it suitable for 
logic families that operate at 2 to 5V 
logic levels. It is a solid value for the 
money. 



This article originally appeared in EDN's 
sister publication, Design News 
(www.designnews.com) . 
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Li-Ion Switching Charger Integrates Power FETs 



By Anne Huang • Marketing Manager 
1. introduction 

Linear battery chargers suffer from excessive power 
dissipation when the input-to-output overhead voltage 
and/or charging current are high. Take the example of a 
typical portable DVD player configuration which incorporates 
a 2-cell Li-Ion battery pack, a car adapter at 12V and a 
charge rate of 1.2A; the power dissipation of a linear charger 
is above 5W on average. A simple solution to overheating is 
the bqSWITCHER™ bq241xx series switching charger. The 
Internal power FETs are capable of supplying up to 2A of 
charging current. The synchronous PWM controller 
operates at 1.1MHz from an input voltage up to 18V, 
making it ideal for use in systems powered by 2-, or 
3-cell battery packs. The high-voltage, high-current and 
high-efficiency features together with integrated reverse 
leakage protection and internal loop compensation are 
nicely housed in a small 3.5mm x 4.5mm QFN package, 
saving board space and reducing system design time. 



2. Design Example 

Adapter Voltage: 12V 

Battery Pack: 2S Li-Ion, ISOOmAH 

Battery Regulation Voltage: 4.2V/Cell 

Battery Cutoff Voltage: 3V/Cell 

Fast Charge Current: 1.2A 

Pre-charge and Termination Current: 120mA 

Safety Timer: 5 hours 

2.1 Determine the inductor L 

Given 30% ripple current, the inductance is given by: 



/ 



ii = IN ""BAT ""BAT 



12-84 8.4 



(1) 



_= 6.364fAH 



30%- 1.2 12 1.1 W 
Select L= 8.2mH. 

The inductor saturation current should be larger than the 
peak current to prevent inductor saturation. 



Ah 



1 MAX 



^IN - ^BAT ^BAT J_ 

12-6 6 1 



(2) 



6.8-10-^ 12 1.1-10^ 



0.40A 




Featured in the latest on-line issue 

• Operating multiple oversampling data 
converters 

• Getting the most out of your 
instrumentation amplifier design 

• Li-Ion switching charger integrates power FETs 

• Low power, high intercept interface to the ADS5424 
14-bit, 105IVISPS converter for undersampling applications 

• TLC5940 DOT Correction Compensates for Variations 
in LED Brightness 

• Download your copy now at www.ti.coni/aaj 



2.2 Determine the Output Capacitor C 

The resonant frequency of the internal loop compensation 
is approximately 16kHz. To achieve optimum loop stability. 



C = . 



1 



(4) 



(2 'Jt 'fJ'L (2 'Jt '16 '8.2 ' 10- 

= 12x10-^ (F) 
Select: lOpF, 25V X7R 1206 ceramic capacitor. 



2.3 Determine the Sense Resistor, Rsns 

Vrsns: lOOmVto 200mV 

In order to get a standard resistance value, select 
Vrsns= 120mV, 



Vrsns J20mV ^^^^ 



^BAT 

Prsns = ^BAT ^SNS = 144mW 
Select: 1%, 100ma/0.25W resistor. 

2.4 Determine Rseti '^setz 

VisETI = 1-OV, V,sET2 = 0-1V, KsETI = KsET2 = 1000V/A, 



(5) 



SET1 



8.33kQ 



'FAST -CHARGE 



(6) 



^SET2 



'PRE-CHARGE 



^SNS 



'pk 



All MAX 0.40 
/+ ^-^^^1.2 + ^-— = 1,4A 
2 2 



(3) 



Select: 1%, 8.33ki2 resistors. 



Select: Sumida CDRH5D28 inductor (8.2|jH/1.6A/39ma) 



2.5 Determine C{ 

Ci is used to program the fast charge timer. 



300 min 
2. 6 min/ nF 



(8) 



Select: 0.12|jF or 0.1pF/X5R or X7R ceramic capacitor for 
good temperature performance. 

2.6 Determine Rji and R-p2 

Rjs. the resistance of the thermistor, normally drops with 
temperature. Assume using 103AT-2 thermistor, the 
resistance at cold temperature and hot temperature is: 
Rts.cold = 27306n (OX), Rjs.hot = 493512(45°). 



The voltage threshold at cold temperature Vljf = 
73.5% • VTSB. The voltage threshold at hot temperature 
Vhtf=34.4% • VTSB. Therefore: 



Rt2 ^ f^TS_COLD 
+ Rto // Rtk r.n 



Rj2 // Rts_hot 



-73.5% 



34.4% 



(9) 



Rti +Rt2^^F^ts_hot (10) 
The equations above gives Rji = 9.31 kQ, Rt2 = 475kQ 



Figure 1: bq24103 Application Circuit 



Adapter 




8.33kQ Rg^yg 
(Pre-Charge, Termination Current} 



Rt 
475 kQ 



3. PCB Layout Considerations 

The measurement of the efficiency using the bq24103 
EVM is shown in Figure 2. Below are some layout guidelines 
to maximize efficiency: 

3.1 Make the connections of the power stage as wide and 
short as possible. 

3.2 The ground planes of the power stage and the control 
stage should run separately, and be connected 
together at a single point. 

3.3 Place the decoupling capacitors close to the pins. 

3.4 Minimize the current sensing feedback loop. 

3.5 Place the inductor close to the OUT pin. 



Figure 2: Efficiency vs. Ibat = 12V, Vbat = 8.4V) 



-V,Nil2V 
-Vbat = 8.4V 



For more information: 

Using key word search, download datasheets and other 

literature at: 

http://www.ti.com 



© 2005 Texas Instruments. All trademarks are property of their respective owners. 00115-A 



ADVERTISEMENT 



High Side 
Current Sensing 

High Performance Analog Solutions from Linear Technology 



One of the most common tasks 
in analog circuit design is 
measuring current. A current 
sense circuit often resides at the heart 
of power and battery-life manage- 
ment, bias current control, load moni- 
toring, fuse monitoring, fail safe 
circuitry and instrumentation. The 
constraints, demands and ever- 
expanding list of applications 
constantly push the state of the art in 
current sensing. This article describes 
the advantages of high side current 
sensing, and spotlights new amplifiers 
for this application. 

Measuring on the High Side 

In the ideal circuit, current would be 
measured without interrupting the 
current path. For example, one could 
use a magnetic pickup to sense 
current, except that magnetic sensors 
have poor accuracy. As a result, 
current sense circuits typically place 
a resistor directly in the current path 
and use an amplifier to measure the 
voltage drop across this resistor. 

This task might seem trivial until 
you consider where to place the current 
sense resistor. Placing the resistor in 
line with the ground return, known as 
low side current sensing, presents 
several challenges. For one, the load no 
longer has a solid ground connection; 
as current changes, the relative ground 
of your circuit changes. A fluctuating 



"ground" can create signal errors for 
charging or power management 
circuitry. Also, in order to accurately 
measure current, you must completely 
isolate and contain all current through 
the sense resistor. Anyone who has 
struggled with ground loops knows that 
this can be quite difficult. 

To eliminate low side issues, 
the current sense resistor can be 
placed between the positive supply 
and the load, and is referred to as 
high side current sensing. A high 
side current sense must discern a 
small sense voltage on top of a high 
common-mode voltage. 



The Straightforward Approach 

One technique for high side current 
sensing is first to attenuate the cur- 
rent sense signal and then to use a 
difference amplifier to extract and 
amplify the differential voltage. A 
simple resistor divider on the ampli- 
fier can be used, as shown in Figure 
1. This circuit requires excellent 
resistor matching and a differential 
amplifier with a high common mode 
input voltage and good common 
mode rejection (CMRR). Linear 
Technology's LT®1991 difference 
amplifier provides an outstanding 
example of this type of circuit, with 



M9 SOk 



5V 
I 



450k 
AAAr- 



VOUT 




Gain=1 

Input Common Mode 
Voltage >±50V! 



Figure 1. High Side Current Sensing Using a Precision Difference Amplifier 
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built-in resistors that are matched to 
within 0.01%. In addition to low 
offset, offset drift and input bias, the 
LT1991 can accept input voltages up 
to 60V with a CMRR of 75dB. 

Dedicated Current Sense 
Amplifiers 

Using a precision difference amplifier 
with well-matched resistors works 
well, although high common mode 
voltages may provide unacceptable 
accuracy. Consider measuring lOOmV 
across a sense resistor with an ampli- 
fier that has a fixed ImV offset volt- 
age. This translates to an error of 1 
percent. If lOOmV is now measured 
at a high common mode voltage that 
must be attenuated by a factor of 10, 
the lOOmV signal reaches the ampli- 
fier input as lOmV. Accuracy has 
now been reduced to 10 percent. 
Accuracy will be further reduced 
by resistor matching error, and 
common mode rejection error (CMRR) . 

Dedicated high side current 
sense amplifiers are a better choice 
for high voltage, high side 
measurements as they are designed 
to operate at high common mode 
voltages with excellent precision. 
Linear Technology offers three 



Selected Current Sense Amplifiers 



Part 


LT6100 


LTC6101/HV 


LT1787/HV 


Bidirectional 






V 


Higli Voltage (> 60V) 




V 


V 


Fast Response (< lOixsec) 




V 


V 


Precision (Vos < 300nV) 


V 


V 


V 


Small Footprint (< 3x3mm) 


V 


V 




Micropower (typ < 60nA) 


V 




V 


Gain Configurable 


V 


V 





families of high side current sense 
amplifiers to cover a broad range of 
applications. 

Gain Accuracy IVIatters 

For uncompromising designs where 
performance, size and flexibility are 
key, consider the LT6100. This high 
side current sense amplifier includes 
an output buffer with internal resistors 
for six gain configurations and 0.5% 
gain accuracy, all in a 9mm^ package. 
The input of the LT6100 is a robust 
differential amplifier with a low 300piV 
offset and the ability to accept fully 
differential voltages up to 48V. As a 
result, this part can monitor a fuse or 
MOSFET without concern for an open 
circuit and can withstand a -48V 
reverse input condition. A separate 
supply input operates from 2.7V to 



Handling Fault Conditions 

When used for power monitoring, current sensing is often the key 
element for detecting and responding to faults. Inductive elements can 
wreak havoc on a system, causing large common mode fluctuations. It 
is important to assess the potential peak voltage amplitude and dura- 
tion during a fault. As an example, for transients up to 105V, the 
LTC6101HV will continuously monitor throughout a fault and can initi- 
ate a shutdown with its 1|xsec response time. On the other hand, 
when a fault induces large, prolonged differential voltages across the 
amplifier inputs, the LT6100 is ideal. This part can withstand differen- 
tial voltages up to the entire common mode range, which could occur 
when using a fuse or MOSFET as your shunt device. 



36V and draws only 60}xA. When 
powered down, the input pins become 
high-Z, preventing current draw. The 
LT6100 is a complete, precision solu- 
tion that's ideal for today's power- 
conscious and size constrained high 
performance designs. 

Watch Inductive Kick Back 

If you're looking to protect your equip- 
ment from load faults or high voltage 
flyback conditions, consider the 
LTC®6101. As a result of its excep- 
tionally high common mode voltage 
capability, the LTC6101 can operate 
throughout high voltage peaks that 
can result from power supply failures 
or catastrophic load changes. And 
with its l|xsec response time, the 
LTC6101 is ideal for taking control of 
these situations when used to gate the 
supply or load. In addition to protec- 
tion applications, the LTC6101 may be 
used for high-quality monitoring, as 
it offers outstanding precision and 
flexibility in a tiny ThinSOT™ pack- 
age. Input bias current is 1 70nA max, 
input offset voltage is 300piV max, 
and offset drift is typically IpiV/X. 
Gain is selected via 2 resistors and 
better than 1% gain accuracy is easily 
achieved using precision resistors. 
For automotive and industrial appli- 
cations requiring fast, accurate current 
measurements. Linear Technology's 
LTC6101 offers uncompromising 
performance. 
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Bidirectional Operation 

For some applications, bidirectional 
current sensing is required. For exam- 
ple, a battery operated device with both 
charge and discharge currents might 
require bidirectional current sensing. 
One method for achieving this is to 



combine two unidirectional parts, such 
astheLTCaiOl andLT6100. Another 
option is to use the high performance 
LT1787 current sense amplifier. The 
LTl 787 plus an external sense resistor 
provides an easy, accurate, and 
compact solution for accurate, bidi- 



rectional current sensing. Current 
resolution greater than 1/1 0,000th can 
be achieved, even with low value, low 
insertion loss sense resistors. Speci- 
fied for supplies from 2.5V to 60V, the 
LTl 787 requires just 60|jlA max 
supply current. 



Applications 



Low Power, Current IVIonitor 
with 16-Bits of Resolution 

The speed and accuracy of the 
LTC6101 makes it ideal for direct 
interface to an ADC, such as Linear 
Technology's 16-bit, Delta Sigma, 
LTC2433. Access to the input and 
output resistors allows the user to 
configure the optimal impedance 
while maintaining the desired 
gain. Using tiny surface mount 
components and two external 
resistors, this solution is efficient 
for space, as well as power. Typi- 
cal current consumption for this 
circuit is under 500}xA. 



Why Two Resistors Are Better than One 

The LTC61G1 is a unique current sense amplifier. Unlike the 
competition, Linear Technology's design team chose to give the user 
control over R,n and Rqut, providing greater flexibility and 
performance. Consider the following advantages: 

• Using 0.1% resistors for R,n and Rqut, the user can achieve 
gain better than 0.2% 

• By selection of Rm, the user can trade off response time and power 
loss In RsENSE 

• The user has the flexibility to set both gain and output Impedance for 
optimum output drive 

• Optimal power consumption can be achieved by selecting a large 
RiN to limit output current 

• DC accuracy can be outstanding by selection of Input resistors to 
cancel bias current error 

Details of these benefits can be found In the applications section of the 
LTC6101 datasheet, available atwww.llnear.com 




Figure 2. The LTC6101HV Easily Interfaces to an ADC 
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ADVERTISEMENT 



High Side Current Sensing 




VoUT = 2.5V 
'sense = 33A 



CONFIGURED FOR GAIN = 25V/V 



Figure 3. Gain is Selected by Pin-Strapping, No External Components Required 



Get the Scoop on 
Current Sense 

Visit www.linear.com for the Isense 
Solutions Guide - an extensive col- 
lection of current sense circuits and 
discussion condensed from years of 
Linear Technology's experience. 
Among the topics discussed: 

• High Side and Low Side Current 
Sensing 

• Unidirectional and Bidirectional 
Current Sensing 

• High Current and Low Current 
Sensing 

• Designing and Using PCB 
Current Sense Resistors 



to 33 Amp, High Side Current 
Monitor witli 12l(Hz Frequency 
Rolloff 

One of the simplest, most practical 
applications of the LT6100 is for use 
as a large dynamic range current 
monitor. Since it has only 300\iV of 
offset voltage, using a 3mH shunt 
provides 100mA resolution with a 
full-scale range of 33A. In this 
circuit, the device is operated from 
a single 3V supply. When powered 
down, the LT6100 input is essen- 
tially "disconnected" from the system 
since it typically draws InA of input 
current. Connecting a 220pF capac- 
itor at the filter input pin, FIL, 
provides a 12kHz differential noise 



rolloff, and configuring the internal 
resistors via pins A4 and A2 selects 
again of 25V/V. 

Cliarge/Discliarge Current 
IVIonitor on a Single Supply 

By providing direct access to the output 
resistor of the LTl 787, the output of this 
bidirectional part can be biased to a 
desired halfway point. In Figure 4, the 
output is biased for single supply oper- 
ation by using an external voltage refer- 
ence. The output signal can swing 
above and below the bias voltage to 
indicate positive or negative current 
through the sense resistor. In this 
example, the circuit can operate with a 
supply voltage as low as 3.1V. 



TO 

CHARGER/ ' 
LOAD 



RSENSE 

-^AAr- 



— FIL" FIL+ — 

Vs" LT1787HV Vg" 



— DNC 



C1 



n 3.3V 
■^TO 

60V 



3.3V 




LT1 634-1. 25 



C3* 
lOOOpF 



OUTPUT 



OPTIONAL 



Figure 4. Biasing Allows the Output to Indicate Direction when Operating from a Single Supply 
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Minimizing switching- 
regulator residue 
in linear-regulator outputs 

BANISHING THOSE ACCURSED SPIKES TAKES ATTENTION TO DETAIL 
AND UNDERSTANDING THE SUBTLETIES. 



Designers frequently use linear regulators to 
postregulate switching-regulator outputs- The 
benefits of this approach include improved sta- 
bility, accuracy, and transient response, along 
with lower output impedance. Ideally, marked- 
ly reduced switching-regulator-generated ripple 
and spikes would accompany these performance gains- In prac- 
tice, all linear regulators encounter some difficulty with ripple 
and spikes, particularly as frequency rises- The regulator's small 
input to output differential voltages magnify these effects; this 
situation is unfortunate, because such small differentials are 
desirable for maintaining efficiency- 

Input-filter capacitors smooth the ripple and spikes before 
they reach the regulator (Figure 1 ). The output capacitor main- 
tains low output impedance at higher frequencies, improves load 



INPUT DC+RIPPLE 
AND SPIKES FROM 
SWITCHING REGULATOR 



FILTER 
CAPACITOR 



r 

T 



REGULATOR 



GND 



OUT 



T 

—I— FILT 

T 



PURE DC 
OUTPUT 



FILTER 
CAPACITOR 



Figure 1 A conceptual linear regulator and its filter capacitors 
theoretically reject switching-regulator ripple and spikes. 



RIPPLE: TYPICALLY 
100 kHz TO 3 MHz 



SWITCHING SPIKES: 
HARMONIC CONTENT 
APPROACHING 100 MHz 




Figure 2 A switching-regulator output contains relatively low-fre- 
quency ripple and high-frequency "spikes" derived from regula- 
tors' pulsed-energy delivery and fast transition times. 



transient response, and supplies frequency compensation for 
some regulators- Ancillary purposes include minimizing both 
noise and the appearance of residual- input-derived artifacts at 
the regulator's output- These artifacts are of concern because 
these high-frequency components, even though of small ampli- 
tude, can cause problems in noise-sensitive video, communi- 
cation, and other types of circuitry. Designers expend large num- 
bers of capacitors and aspirin in attempts to eliminate these 
undesired signals and their resultant effects- Although these sig- 
nals are stubborn and sometimes seemingly immune to any treat- 
ment, understanding their origin and nature is the key to con- 
taining them. 

SWITCHING-REGULATOR AC-OUTPUT CONTENT 

Figure 2 details a switching regulator's dynamic ac-output 
content. It comprises relatively low-frequency ripple at the 
switching regulator's clock frequency — typically, 100 kHz to 3 
MHz — and high-frequency content "spikes" associated with 
power-switch transition times. The switching regulator's pulsed 
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Figure 3 Ripple-rejection characteristics for an LT1 763 low- 
dropout linear regulator show 40-dB attenuation at 1 00 kHz, 
rolling off toward 1 MHz. Switching-spike harmonic content 
approaches 1 00 MHz and passes directly from input to output. 
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energy delivery creates the ripple- Filter capacitors smooth — 
but do not eliminate — the ac content. The spikes, which often 
have harmonic content approaching 100 MHz, result from high- 
energy, rapidly switching power elements within the switching 
regulator. Slowing the regulator's repetition rate and transition 
times can greatly reduce ripple and spike amplitude, but the size 
of the magnetic elements increases, and their efficiency falls. 
Circuitry employing this approach has significantly reduced har- 
monic content but sacrificed the magnetics' size and efficien- 
cy (Reference 1). The same rapid clocking and switching that 
allows the use of small, highly efficient passives results in the 
presentation of high-frequency ripple and spikes to the linear 
regulator. 

The regulator is better at rejecting the ripple than the wide- 
band spikes. In a typical example, the rejection performance for 



an LT1763 low-dropout linear regulator, 40 dB of attenuation 
at 100 kHz rolls off to about 25 dB at 1 MHz (Figure 3). The 
more wideband spikes pass directly through the regulator. The 
output-filter capacitor, which absorbs the spikes, also has high- 
frequency performance limitations. The imperfect response of 
the regulator and filter capacitors, due to high-frequency para- 
sitics, reveals Figure 1 to be too simplistic. Including parasitic 
terms and some new components shows the regulation path with 
emphasis on high-frequency parasitic terms (Figure 4). It is 
important to identify these terms because they allow ripple and 
spikes to propagate into the nominally regulated output. 

Additionally, understanding the parasitic elements permits a 
measurement strategy, facilitating reduction of high-frequency 
output content. The regulator includes high-frequency parasitic 
paths, primarily capacitive, across its pass transistor and into its 
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REGULATOR (FINITE GAIN BANDWIDTH 
AND PSRR VERSUS FREQUENCY) 



MONITORING 
OSCILLOSCOPE 



*GROUND-POTENTIAL DIFFERENCES PROMOTE OUTPUT-HIGH-FREQUENCY CONTENT AND CORRUPT MEASUREMENT 

Figure 4 A conceptual linear regulator shows high-frequency-rejection parasitics. The finite-gain-bandwidth product and power-supply- 
rejection-ratio versus frequency limit the regulator's high-frequency rejection. Passive components attenuate ripple and spikes, but par- 
asitics degrade effectiveness. The layout capacitance and ground-potential differences add errors and complicate measurement. 




THE TRUTH ABOUT FERRITE BEADS 

A ferrite bead enclosing a conductor provides the highly 
desirable property of increasing impedance as frequency 
rises. This effect suits high-frequency noise filtering of con- 
ductors carrying dc and low-frequency signals. The bead is 
essentially lossless within a linear regulator's passband. At 
higher frequencies, the bead's ferrite material interacts with 
the conductor's magnetic field, creating the loss characteris- 
tic. Various ferrite materials and geometries result in differ- 
ent loss factors versus frequency and power level (Figure A). 

Impedance rises from O.OIH at dc to 50ft at 100 MHz. As dc 
current and, hence, constant magnetic-field bias rise, the fer- 
rite becomes less effective in offering loss. Note that you can 
stack beads in series along a conductor, proportionally 
increasing their loss contribution. A variety of bead materials 
and physical configurations are available to suit require- 
ments in standard and custom products. 



Impedance versus frequency at various dc-bias cur- 
rents for a surface-mounted ferrite bead shows essentially 
zero impedance at dc and low frequency, rising above 50ft 
depending on frequency and dc current (courtesy Fair-Rite). 



82 EDN I DECEMBER 5, 2005 



Intersil Battery Charger ICs 



Intersil High Performance Analog 



Have YOU Seen the 
World's Smallest 
Battery Charger IC? 

Not only is the 2mm x 3mm ISL6294 the 
industry's smallest, but this fully integrated, 
single-cell Li-Ion / Li-Polymer battery charger IC 
can handle input voltages up to 28V, eliminating 
the need for an over-voltage protection circuit. 



The constant current Iref is set with 
the external resistor RIref- The 
constant voltage is fixed at 4.2V. 



End-of-charge (EOC) current indicated 
through the CHG pin (which can be 
interfaced to a micro processor), but the 
charger continues to output the 4.2V. 



To Input 



R4T 








IREF 




IMIN 




ISL6294 




CHG 




"PPR 


EM 






GND 





To Battery 



1 fc** 1 f A* 



If the battery voltage is below 2.6V the ISL6294 charges the battery with a trickle 
current of one-tenth of Iref. When the battery voltage reaches 4.2V, the charger enters 
a CV mode and regulates to fully charge battery without the risk of over charge. 




TYPICAL CHARGE PROFILE 



Key Features: 

2mm X 3mm 8 Ld DFN package 

28V maximum input voltage 

^ Programmable end-of-charge current with 
status interfaced to a micro device through 
CHG pin 

^ Thermaguard™ charge current thermal 
foldback for thermal protection 

^ No external blocking diode required 

^ Integrated pass element and current sensor 

^ 1% voltage accuracy 

^ Trickle charge for fully discharged batteries 

^ Less than 1 |jA leakage current off the 
battery when no input power attached or 
charger disabled 

^ Input over-voltage protection 

^ End-of-charge indication with large 

hysteresis to prevent unwanted re-charge 



Datasheet, free samples, and 
more information available at 
www.intersil.com [j^ 
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Intersil - Switching Regulators for precise power delivery. 

©2005 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design). 





Figure 5 This circuit simulates switching-regulator output. You can independently set ripple amplitude, dc, frequency, and spike dura- 
tion and height. A split-path scheme sums wideband spikes with dc and ripple, presenting the linear regulator with simulated switch- 
ing-regulator output. A function generator sources waveforms to both paths. 



USING INDUCTORS AS HIGH-FREQUENCY FILTERS 



You can sometimes use inductors instead of beads for 
high-frequency filtering. Typically, values of 2 to 10 |xH are 
appropriate. Advantages include wide availability and bet- 
ter effectiveness at frequencies of less than 100 kHz. 
Figure A shows that the disadvantages are increased dc 
resistance in the regulator path due to copper losses, 
addition of parasitic shunt capacitance, and potential sus- 
ceptibility to stray switching-regulator radiation. The cop- 
per loss appears at dc, reducing efficiency, and parasitic 
shunt capacitance allows unwanted high-frequency 



STRAY 
MAGNETIC 

PARASITIC '^'^'-^ 
CAPACITANCE //// 



feedthrough. The position and orientation of the inductors 
on the pc board may allow stray magnetic fields to 
impinge its winding, effectively turning the winding into a 
secondary transformer. The resulting observed spike- and 
ripple-related artifacts masquerade as conducted compo- 
nents, degrading performance. 

Figure B shows a form of inductance- based filter con- 
structed from a pc-board trace. Such extended-length 
traces, formed in spiral or serpentine patterns, look induc- 
tive at high frequencies. They can be surprisingly effective 
in some circumstances, although they introduce less loss 
per unit area than ferrite beads. 



USER 




Some parasitic terms of an inductor show that parasitic 
resistance decreases voltage, degrading efficiency, and unwant- 
ed capacitance permits high-frequency feedthrough. The stray 
magnetic field induces erroneous inductor current. 



Spiral and serpentine pc-board patterns sometimes act 
as high-frequency filters, although they are less effective than fer- 
rite beads. 
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Why Tangle Up Your 
Video Design with an 
Extra Power Supply? 

Finally.. .a true single-supply Video Buffer. 
Intersil's new ISL59830 not only operates on 
just +3.3V, but we've integrated the required 
negative voltage, eliminating the need ifor 
output DC blocking capacitors and external 
voltage regulation. 

The ISL59830 triple Video Buffer delivers DC-accurate coupling of 
video onto a 75Q. double-terminated line, and 300MHz of -3dB 
bandwidth performance. Now that's smart design. 




ISL59830 Functional Block Diagram 



The ISL59830 runs on 
3.3V, eliminating the 
need for an additional 
5V supply voltage. 



Video 
Signal 



With integrated 6dB 
buffers, the only 
external components 
required are 75Q 
termination resistors. 




ISL59830 eliminates the 
need for output DC 
blocking capacitors. 



m\^f 



75a 



470|jF 



750 



47Q|jF 



75Q 



ISL59830 eliminates 
the need for switching 
regulator or charge 
pump in split rail 
implementation by 
integrating on-board 
regulation. 



Key Features: 

^ Triple single-supply buffer 

^ Operates from single +3.3V 
supply 

^ Eliminates need for DC 
blocking capacitors 

Fixed gain of 2 output buffer 

^ Output 3-statable 

^ Enable/disable functions 

^ 50MHz O.ldB bandwidth 

— 300MHz -3dB bandwidth 



Dataslieet, free samples, and 
more information available at 
www.intersil.com/edn 



Intersil - Amplify your performance with advanced signal processing. 



'ned by Intersil Corporation 
sign) and i (and design). 
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reference and regulation amplifier. These terms combine with 
finite regulator gain bandwidth to limit high-frequency rejec- 
tion. The input- and output-filter capacitors include parasitic 
inductance and resistance, degrading their effectiveness as fre- 
quency rises. Stray layout capacitance provides additional 
unwanted feedthrough paths. Ground-path resistance and 
inductance promote ground-potential differences, which add 
error and also complicate measurement. 

Some new components, not normally associated with linear 
regulators, also appear. These additions include ferrite beads or 
inductors in the regulator input and output lines. These com- 



ponents have their own high-frequency parasitic paths but can 
considerably improve overall regulator high-frequency rejection 
(see sidebar "The truth about ferrite beads"). 

BUILD A RIPPLE/SPIKE SIMULATOR 

Understanding the problem requires observing regulator 
response to ripple and spikes under a variety of conditions. You 
should independently vary ripple and spike parameters, includ- 
ing their frequency, harmonic content, amplitude, duration, and 
dc level. This capability is versatile, permitting real-time opti- 
mization and sensitivity analysis to various circuit variations. 



PROBING TECHNIQUE FOR 
SUBMILLIVOLT-WIDEBAND-SIGNAL INTEGRITY 



coaxial-coupling capacitor's shield directly connects to the 
regulator board's ground plane with the capacitor's center 
conductor going to the regulator output. There are no 
noncoaxial-measurement connections. Figure D, repeat- 
ing Figure 12, shows a cleanly detailed rendition of the 
900-mV output spikes. In Figure E, 2 in. of ground lead is 
present at the measurement site, violating the coaxial 
regime. The result is corruption of the waveform presenta- 
tion. As a final test to verify measurement integrity, it is 
useful to repeat Figure D's measurement with the signal- 




Spike measured within a continuous coaxial-signal path 
displays moderate disturbance and ringing after the main event. 



AC-( 




200 nSEC/DIV 



Obtaining reliable, wideband, submillivolt measurements 
requires attention to critical issues before measuring any- 
thing. It is essential that you design the pc-board layout 
for low noise. Consider current flow and interactions in 
power distribution, ground lines, and ground planes. 
Examine the effects of component choice and placement. 
Plan radiation management and disposition of load-return 
currents. The circuit must be sound, the board layout must 
be proper, and the circuit must use the appropriate com- 
ponents before you can begin meaningful measurements. 

The most carefully prepared breadboard cannot fulfill its 
mission if signal connections introduce distortion. 
Connections to the circuit are crucial for accurately 
extracting information. Low-level, wideband measure- 
ments demand care in routing signals to test instrumenta- 
tion. Issues to consider include ground loops between 
pieces of test equipment, including the power supply con- 
nected to the breadboard, and noise pickup due to exces- 
sive test-lead or trace length. 

Minimize the number of connections to the pc board 
and keep leads short. Route wideband signals to or from 
the breadboard in a coaxial environment with attention to 
where the coaxial shields tie into the ground system. A 
strictly maintained coaxial environment is critical for reli- 
able measurements. 

Figure A shows a believable presentation of a typical 
switching -regulator spike measured within a continuous 
coaxial signal path. The spike's main body is reasonably 
well-defined, and disturbances after it are contained. 
Figure B depicts the same event with a 3-in. ground lead 
connecting the coaxial shield to the pc-board ground 
plane. Pronounced signal distortion and ringing occur. The 
photographs were taken at 0.01 V/division sensitivity. 
More sensitive measurement requires proportionately 
more care. 

Figure C details the use of a wideband, 40-dB gain pre- 
amplifier permitting a 200-|xV/division measurement in 
Figure 12 of the main text (pg 90). Note the purely coaxial 
path, including the ac-coupling capacitor, from the regula- 
tor, through the preamplifier, and to the oscilloscope. The 



Introducing a 3-in., noncoaxial ground connection caus- 
es pronounced signal distortion and postevent ringing. 
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Although no substitute exists for observing linear-regulator per- 
formance under actual switching-regulator-driven conditions, 
a hardware simulator reduces the likelihood of surprises (Fig- 
ure 5)- It simulates a switching regulator's output with inde- 
pendently settable dc, ripple, and spike parameters. 

The design combines a commercially available function gen- 
erator with two parallel signal paths to form the circuit- It trans- 
mits dc and ripple on a relatively slow path and processes wide- 
band spike information through a fast path. The two paths 
combine at the linear-regulator input- The function genera- 
tor's settable ramp output (Figure 6, Trace A) feeds the dc/rip- 



ALTHOUGH NO SUBSTITUTE 
EXISTS FOR OBSERVING 
LINEAR-REGULATOR PERFORM- 
ANCE UNDER ACTUAL SWITCH- 
ING-REGULATOR-DRIVEN 
CONDITIONS, A HARDWARE 
SIMULATOR REDUCES THE 
LIKELIHOOD OF SURPRISES. 



path input-for example, the coaxial-coupling capacitor's 
center conductor-grounded near the measurement 
point, as in Figure 13 of the main text. Ideally, no signal 



should appear. Practically, some small residue, primarily 
due to common-mode effects, is permissible. 
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A wideband, low-noise preamplifier permits submillivolt-spike observation. The coaxial connections must remain to preserve 
measurement integrity. 



200 fjiV/DIV 
AC-COUPLED 
ON 3V DC 






200 nSEC/DIV 



Figure D A low-noise preamplifier and strictly enforced coaxial sig- 
nal path yield Figure 1 2's 900-mV p-p presentation. The trace's 
baseline thickening represents the preamplifier's noise floor. 



200 ^JLV/DIV 
AC-COUPLED 
ON 3V DC 




200 nSEC/DIV 



A 2-in. noncoaxial ground connection at the measure- 
ment site violates the coaxial regime, resulting in complete cor- 
ruption of the waveform presentation. 



DECEMBER 5, 2005 | EDN 87 



A = 0.01V/DIV 
B = 5V/DIV 




G = 0.02V/DIV 



NOTE: AC-COUPLED ON 3.3V DC. 



500 nSEC/DIV 



Figure 6 A switching regulator outputs simulator waveforms, in 
which the function generator supplies ripple-path (Trace A) and 
spike-path (Trace B) information. and C2 compare the differen- 
tiated spike information's bipolar excursion (Trace C), resulting in 
Traces D and E's synchronized spikes. Diode-gating inverters 
present Trace F to spike-amplitude control. sums spikes with 
dc-ripple path from power amplifier IC^, forming linear-regulator 
input (Trace G). (Spike width is abnormally wide for photographic 
clarity.) 



pie path, which is made up of power amplifier IC^ and associ- 
ated components- IC^ receives the ramp input and dc-bias 
information and drives the regulator under test- and the lH 
resistor allow IC^ to drive the regulator at ripple frequencies 
without instability- 

The function generator's pulsed synchronous output (Trace 
B) sources the wideband spike. Amplifier differentiates the 
output's edges (Trace C) and feeds bipolar comparator 103^ and 



A=0.2V/DIV 
AC-COUPLED 
ON 3.3V DC 



B=0.1V/DIV 
AC-COUPLED 
ON 3.3V DC 



500 nSEC/DIV 

Figure 7 C,^ of 1 |jlF and C^^j of 1 fxF result in linear-regulator 
input (Trace A), output ripple (Trace B), and switching-spike con- 
tent. Output spikes, driving 1 |jlF, have lower amplitude, but rise 
time remains fast. 
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Figure 8 C,^ of 1 |jlF and C^^j^ of 33 [xF result in the same trace 
assignments as Figure 7. Output ripple decreases fivefold, but 
spikes remain. Spike rise time appears unchanged. 
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Figure 1 Adding a ferrite bead to the regulator input increases 
high-frequency losses, dramatically attenuating spikes. (The trace 
center-screen area is intensified for photographic clarity.) 



AC- 
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Figure 9 A time and amplitude expansion of Figure 8's output 
trace permits higher resolution study of spike characteristics. (The 
trace center-screen area is intensified for photographic clarity.) 



AC- 




200 nSEC/DIV 



Figure 1 1 A ferrite bead in the regulator output further reduces 
spike amplitude. (The trace center-screen area is intensified for 
photographic clarity.) 
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200 |jlV/DIV 
AC-COUPLED 
ON 3V DC 



200 nSEC/DIV 

Figure 1 2 In this higher gain version of Figure 1 1 , spike amplitude 
measures 900 [xV-almost 20 times lower than without ferrite 
beads, whereas the instrumentation noise floor causes trace 
baseline thickening. (The trace center-screen area is intensified 
for photographic clarity.) 



A=200 |jlV/DIV 




200 nSEC/DIV 



Figure 13 Grounding the oscilloscope input near the measure- 
ment point verifies that Figure 1 2's results are nearly free of com- 
mon-mode corruption. (The trace center-screen area is intensified 
for photographic clarity.) 
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IC3g. The comparator-output spikes (traces D and E) are syn- 
chronized to the ramp's inflection points. Complementary dc- 
threshold potentials applied to IC3^ and IC3g with the l-kH 
potentiometer and IC^ control the spike width. Diode gating 
and the paralleled logic inverters present Trace F to the spike- 
amplitude control. Follower sums the spikes with IC^'s dc/rip- 
ple path, forming the linear regulator's input (Trace G). 

LINEAR-REGULATOR REJECTION EVALUATION 

The circuit in Figure 5 facilitates evaluation of linear-regu- 
lator high-frequency rejection. The waveform in Figure 7 shows 
Figure 5's LTl 763 3V regulator response to a 3.3 V-dc input with 
Trace A's ripple/spike contents, Cj^=l |jlF, and Cq^^=10 |jlF. 
Regulator output (Trace B) shows ripple attenuated by a factor 
of approximately 20. Output spikes see somewhat less reduction, 
and their harmonic content remains 
high. The regulator offers no rejection 
at the spike's rise time. The capaci- 
tors must do the job. Unfortunately, 
inherent high-frequency loss terms 
prevent the capacitors from filtering 
the wideband spikes; Trace B's 
remaining spike shows no rise-time 
reduction. Increasing the capacitor 
value has no benefit at these rise 
times. Figure 8, with the same trace assignments as Figure 7 
but with a value of 33 fxF for C^^^, shows a fivefold ripple reduc- 
tion but little spike-amplitude attenuation. 

Figure 9's time and amplitude expansion of Figure 8's Trace 
B permits high-resolution study of spike characteristics, allow- 
ing the following evaluation and optimization. Figure 10 
shows dramatic results when a ferrite bead immediately pre- 
cedes Cjj^. Spike amplitude drops about fivefold. The bead 
presents loss at high frequency, severely limiting spike passage. 
The dc and low-frequency components pass unattenuated to 
the regulator. Placing a second ferrite bead at the regulator out- 
put before C^^^ produces Figure 11 's trace. The bead's high- 
frequency loss characteristic further reduces spike amplitude 
below 1 mV without introducing dc resistance into the regu- 
lator's output path. You can sometimes use inductors in place 
of beads, but make sure that you understand inductors' limi- 
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tat ions (see sidebar "Using inductors as high-frequency filters"). 

Figure 12, which shows a higher gain version of Figure 11, 
measures 900- fxV spike amplitude — almost 20 times lower than 
without the ferrite beads. Complete the measurement by veri- 
fying that common-mode components or ground loops do not 
corrupt the indicated results. You achieve this goal by ground- 
ing the oscilloscope input near the measurement point. Ideal- 
ly, no signal should appear. Figure 13 shows almost no signal, 
indicating that Figure 12's display is realistic. Faithful wideband 
measurement at submillivolt levels requires special considera- 
tions (see sidebar "Probing technique for submillivolt- wide- 
band-signal integrity"). The articles, application notes, and 
books in references 2 through 9 are also helpful to serious 
designers. B)N 
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Simplifying industrial 
backplanes 

SYSTEM DESIGNERS TURN TO SERIAL-COMMUNICATIONS 
STRATEGIES TO BOOST RELIABILITY AND EXTEND SERVICE 
LIFE IN HOSTILE FACTORY OR INDUSTRIAL ENVIRONMENTS. 



Designing automation controls for a factory floor 
is a daunting task. You must consider the envi- 
ronment — hot, dirty, corrosive, electrically 
noisy, and generally hostile to anything elec- 
tronic (or human, for that matter). Most PLC 
(programmable-logic-controller) systems in- 
clude a central controller and peripheral I/O modules. These 
modules can include ADCs, DACs for connecting to sensors 
and the real world, communications modules, digital inputs and 
outputs, relays, and more. All of these modules need to com- 
municate with the central controller through a signal bus. 
Designers can bolster the reliability of a system by simply remov- 
ing interconnections between devices. Several methods for this 
technique exist, but the simplest is to serialize the data and use 
fewer connections. The techniques involve several physical lay- 
ers and topologies, as well as packet formats to make imple- 
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menting these buses straightforward. Communication, whether 
it is with smoke signals or lasers, requires a physical medium in 
addition to some time to propagate from the origin to the des- 
tination. Many options are available, including wireless, cable, 
fiber optic, and acoustic. All of these physical media carry intel- 
ligence, but some are better than others for harsh environments. 

In the wired category, the standards include TTL (transistor- 
to-transistor logic), ECL (emitter-coupled logic), RS232, 
RS422, RS485, LVDS (low-voltage differential signaling), and 
Ethernet, which find use in networks, backplanes, and buses. 
The older TTL standard uses a nearly 5V signal relative to 
ground; is slow; and is single-ended, which leaves it suscepti- 
ble to ground noise. RS232 adds a bipolar voltage swing to help 
with noise immunity but lacks differential signaling's advantages 
in electrically noisy environments. RS422, RS485, and LVDS 
standards all use differential pairs of wires to remove common- 
mode noise across both wires at the receiver. LVDS 
uses current instead of voltage and greatly speeds 
the signaling by reducing signal swing. This 
approach removes many issues with wires, includ- 
ing cable capacitance. 

In an electrically hostile environment, such as 
a steel mill, large electrical currents can be flow- 
ing inches away from a control system. These cur- 
rents can induce noise onto conductors, especial- 
ly long interconnects between devices. The stan- 
dard technique for rejecting this noise is to use dif- 
ferential signaling. RS422 and RS485 are good 
options for long-haul interconnections but lack 
speed for local buses. LVDS is a better choice for 
local buses, such as those between devices mount- 
ed on DIN rails. In addition, designers are starting 
to use Ethernet as an interconnect in backplanes. 
Ethernet has several advantages. It is a standard; 
uses a well-defined MAC (media-access con- 
troller), which many processors employ; and has 
standard drivers for most operating systems. This 
article focuses on serialized-LVDS approaches as 
methods for maintaining good noise immunity plus 
providing 100- to 400-MHz speeds. 



Figure 1 Many backplanes employ a multidrop serial bus to interconnect LVDS 
transceivers at each board. 



TOPOLOGIES 

Which topology makes the most sense? Options 
include the multidrop bus, the redundant mul- 
tidrop bus, the point-to-point bus, and the ever- 
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Figure 2 Dual multidrop buses prevent a single failure from disrupting operation 
and double the system bandwidth. 



popular ring topology- The multidrop, or multipoint, bus is pop- 
ular for many backplanes and is well-suited for both single- and 
multiple-processor systems. If you choose LVDS, you would use 
a double-terminated transmission line with LVDS transceivers 
at each board. The advantage of using individual transceivers 
is twofold. First, you can place the transceivers near the con- 
nector, limiting near-end reflections from the connection dis- 
continuities. Second, these transceivers tend to be more robust 



than integrated drivers in FPGAs. They are also 
cheaper to replace in case of failure than a $ 100 
FPGA. In this topology, a message would enable 
the driver on a board and send the serialized 
packet onto the backplane. All other devices 
would be listeners and receive the transmitted 
packet. Most shared-bus topologies need some 
form of traffic control. A simple method is to 
use a common access line involving additional 
wires to indicate to all devices that someone 
has requested the bus and no other device can 
talk. Alternatively, you can implement a mas- 
ter/slave organization to allow communication 
only when the master controller asks for it 
(Figure 1). 

Multidrop buses are simpler to implement; 
however, the entire bus can fail if a single fail- 
ure, such as a short, the loss of a terminator, or 
a hung bus driver, occurs. This failure can be cat- 
astrophic in an industrial environment; consider 
an oil refinery in which failure is not an option. 
A simple way to fix this problem is to use two 
buses. If one dies, the other keeps working. In 
addition to the redundancy, the system has twice 
the bandwidth in its native mode (normal oper- 
ation). With two buses, the loss of one bus sim- 
ply halves the available bandwidth, allowing the 

system to continue to function in a reduced 

mode. The downside to this option is increased 
cost and complexity (Figure 2). 

Another method of preventing bus failures is to use a point- 
to-point topology, which Ethernet networks use. Each device 
has its own bus to communicate with the controller. If a single 
device or bus fails, all the other devices continue working with- 
out compromise. Flowever, in a local backplane, the downside 
is the mechanical interconnection. For devices that plug into 
one another, such as DIN-rail mounting, pass-through con- 
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Figure 3 This three-device ring-topology example is self-healing and provides for automatic partitioning. 
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Figure 4 A ring topology using an FPGA-bus controller offers a simple method for implementing a TCP/IP-over-Ethernet backplane. 
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Figure 5 Ethernet provides a simple method for implementing an Internet-ready backplane. 



nections would be necessary, thus increasing rather than min- 
imizing the number of interconnections. The increased num- 
ber of wires diminishes the advantages of the point-to-point 
topology for backplanes- 

A ring topology, on the other hand, is self-healing and can 
automatically partition itself- Token-ring and similar networks 
use this method- In a backplane implementation, the system 
contains the ring. The topology also allows side-by-side plug- 
ging of modules on DIN rails (Figure 3). If any device or inter- 
connection fails, the ring can turn back on itself, isolating the 
faulty device or broken connection (Figure 4). The physical 
implementation of the ring topology is similar in expense to that 
of a dual-multidrop-bus architecture with the exception of the 
interface. The ring uses only drivers and receivers, not trans- 



ceivers. However, two additional passive buses are necessary to 
complete the ring. The driver is always enabled; however, 
because the device can select either of two receiver buses, an 
enable must select the desired bus. Alternatively, two digital 
inputs on an FPGA could select the bus. Sample components 
for this approach include the National Semiconductor DSLV- 
049, using digital selection of the receiver; the DS90LV027 and 
28; or two DS90LV019 transceivers. 

An interesting benefit of the ring topology is a pseudo-point- 
to-point connection. This approach eliminates the requirement 
for bus access because the packet traffic is unidirectional. The 
downside is that every module needs to handle every packet. 
Designers can somewhat automate this process in the control 
logic of the interface using a short buffer to implement a store- 
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and'forward methodology- The device need 
not necessarily store the entire packet but 
must store just the header for inspection. 

PROTOCOLS 

Given a reliable hardware implementation, 
a method of accessing the physical media 
through a protocol is necessary. The protocols 
vary depending on the topology. In the multidrop topology, a 
device must signal to all the units before transmitting data to 
minimize or avoid collisions on the shared media. Collisions will 
occur, so a checksum must verify the integrity of the informa- 
tion in a packet of data. Randomization of retransmission times 
can help to reduce the collisions on the bus. Prioritizing devices 
by bus position or address can also help. By using a priority-access 
method, the units with the highest priority have the shortest 
wait time when sending packets. You can establish a fixed pri- 
ority or use a round-robin approach in which the last device that 
transmitted has the lowest priority. As other devices send mes- 
sages, the priority of the waiting device rises, and waiting time 
lowers. This method gives each device equal bus time to send 
messages. High-priority messages can have a fixed minimal delay 
time or no delay time for urgent messages, such as "emergency 
stop." 

In a serializer/deserializer system, when the bus is not in use, 
idle messages continuously transmit to allow the recovery cir- 
cuitry in the deserializer to synchronize on the data. In a shared- 
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bus topology, the system cannot use 
idle messages to synchronize the re- 
ceivers, so a preamble in the packet 
format is necessary. The preamble 
varies in length depending on how fast 
the receiver synchronization circuits 
lock to the incoming data. A faster 
lock time in the receiver means that 
the preamble will be shorter and the data throughput will be 
more efficient. 

In a ring topology, it is advantageous to continuously trans- 
mit idle data to always lock the serializer/deserializer receivers. 
However, a method must exist for controlling when each device 
wishes to place information in the stream and not collide with 
another device. Ring topologies use token passing to provide a 
cue on when to transmit data. A token is a special header that 
identifies the current token master, as well as other data on the 
network. Data follows the token like freight cars following a 
locomotive. At each stop along the way, a device has the option 
of adding data following the token when the token is not in use. 

In the simplest form of a ring, only one device can use the 
token at a time. This approach simplifies carrying packets in 
a continuous stream. So, as each device receives the token, it 
sets a bit in the token, signaling that it has taken the token for 
packet traffic, and all upstream devices, excluding the desti- 
nation, simply pass it on. This method removes the store-and- 
forward requirement. The destination device simply removes 
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the packet as it comes in and frees the token unless an outgo- 
ing packet needs it. The downside here is bus efficiency- If the 
token is in use, a device must wait for it to be free before send- 
ing data. 

Various methods exist for providing priority to a token-based 
system. A simple one is to implement a round-robin method of 
token counting. If a system has three bits of priority (seven lev- 
els), once a device uses a token, the priority would drop to the 
seventh and lowest level. As the system passes the free token 
around, every time the token passes a device, the priority count 
increases by one until it reaches level zero, or "transmit ready." 
If the device has a packet pending, and a free token passes, it 
can now grab the token for itself. If an emergency occurs, the 
system can ignore the priority level and use the next free token. 

Token protocols can be complex. For example, what happens 
if a device dies while it has the token? Also, when a user pow- 
ers up the system, which device instantiates the token? Despite 
these issues, token passing works and can provide a self-heal- 
ing system for highly reliable backplanes. 

SAMPLE DESIGN 

Many microcontrollers today, such as the Zilog EZ80 Acclaim 
and the Freescale MCF523x, have a built-in Ethernet MAC, 
which connects to a PHY (physical) -layer chip using an Mil 
(media- independent interface). The Mil has a 4'bit-data, nib- 
ble-mode interface along with a simple serial bus to configure 
the PHY. You can build a custom bus controller in an FPGA 
that has an Mil to emulate an Ethernet PHY. The FPGA-based 



controller handles the bus access or token management, seri- 
alization and deserialization, ring management, healing, and 
clock generation and recovery. 

This design can enable a system to transport Ethernet pack- 
ets as if the backbone were Ethernet. Additionally, TCP/IP over 
Ethernet is well-defined and provides a simple method for imple- 
menting an Internet-ready backplane (Figure 5). The FPGA 
emulates the functions of the Ethernet PHY and allows the 
MAC inside the microcontroller to function as if connected to 
a normal Ethernet network. 

Using LVDS eliminates many of the problems of noise in 
industrial environments. Also, speeds can increase through the 
use of current-mode drivers and lower voltage swings. In addi- 
tion, by serializing data and reducing the number of intercon- 
nects between modular devices, LVDS increases reliability by 
avoiding connector failure. The sample design requires only eight 
upstream and eight downstream connections, providing a 100- 
Mbps, packet-based, Ethernet, self-healing ring topology.EDN 
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the product lifecycle. Take Battery Technology Inc. (BTI) 
for example. 

Battery Tecli - Tlie Cliallenge 

BTI technology keeps more than half a million laptops 
alive with its line of batteries. When it came time for 
BTI to recharge its product designs, it needed a 
product engineering solution that reduced the number 
of components on its board, and lowered overall costs. 

Avnet ElVI and Atmel - The Solution 

Avnet's MCU specialist introduced a new product 
solution involving Atmel's 8-Bit Flash memory based 
AVR microcontroller that solved BTI's challenge 
quickly and efficiently. Today, BTI utilizes Avnet's point 
of use replenishment system (POURS) program to 
ensure the proper flow of components into the 
manufacturing line, as it readies these new products 
for volume production. 

BTI has also charged Avnet and Atmel to move its 
existing designs to Atmel's AVR platform - the 
industry's leading flash-based microcontroller. It's no 
shock to see why - with Avnet and Atmel's focused 
energy, BTI found total support across the board. 



For additional application solutions and to download 
the BTI case study, visit: www.em.avnet.com/atmel/satb 
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• DC to 100 kHz frequency range 

• 700 kHz real-time bandwidth 

• Dynamic range 

90 dB (FFT) 

145 dB (swept-sine) 

• Low-distortion (-80 dBc) source 

• Up to 32 Mbyte memory 

• GPIB and R5-232 interfaces 

FFT analyzers starting at $4950 



The SR785 Dynamic Signal Analyzer offers state-of-art 
performance at a fraction of the cost of competitive 
analyzers. Standard features include swept-sine mode, 
order tracking, octave analysis, curve fit/synthesis, and 
arbitrary waveform source. 

When compared to the Agilent 35670A, the SR785 comes 
out on top. It offers twice the frequency range (2 ch.) 
and 10 times the real-time bandwidth at less than half 
the price of the 3 5 670 A. 

The SR785 is ideal for filter design, control systems 
analysis, noise measurement, audio or acoustical test, 
and mechanical systems analysis. 

Take a close look at the SR785. 
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Common-driver-library 
architecture supports, 
maintains products 

USING A CDL-BASED ARCHITECTURE FOR DEVICE DRIVERS CAN 
SIGNIFICANTLY REDUCE THE TIME TO DEVELOP, MAINTAIN, VALIDATE, 
AND SUPPORT DEVICE DRIVERS FOR MULTIPLE PLATFORMS. 



W 



ith the plethora of operating systems avail- 
able, a common problem for an inde- 
pendent hardware vendor is how to devel- 
op, maintain, and support device drivers 
for products- Although using a CDL (com- 
mon driver library) can apply to any OS, 
the storage-device-driver example in this article focuses on 
Linux and Microsoft Windows. To make a CDL design work, 
a device-driver designer must understand and compartmental- 
ize the typical driver functions into OS-specific and OS-agnos- 
tic functions- In this schema, the designer partitions a device 
driver into two logical sections based on its dependence on the 
operating system. Most of the driver code resides in the CDL, 
which essentially contains the hardware- specific function of the 
firmware interface, and it is OS-agnostic. The other section of 
the device-driver code acts as the glue that ties the common 
portion to an OS. The OS-dependent portion further divides 
into the CDHI (common-driver-host- interface) and CDHS 
(common-driver-host-services) layers (Figure 1). 

The CDHI layer bolts the driver into the kernel. A typical 
device driver uses a kernel-specific API (application-program- 
ming interface) that all driver writers 
must use to register the driver with one 
or more kernel subsystems, such as the 
PCI, I/O, storage, or network. The API 
also provides the mechanism for the driv- 
er to learn of events such as an interrupt, 
I/O request, or I/O abort. The CDHI 
layer encapsulates this function and 
translates OS-specific routines to CDL 
routines; it comprises a well-defined API 
and mechanism to interface with the OS 
kernel. 

The CDHS layer uses the services that 
the OS provides. A device driver also uses 
services the OS provides to manage the 
hardware it controls. These services in- 
clude accessing system registers; commu- 
nicating over I/O systems, such as PCI 
and PCI Express; and how to request, 
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Figure 1 The OS-dependent portion of 
a CDL divides into the CDHI (common 
driver-host-interface) and CDHS (com- 
mon-driver-host-services) layers. 



manipulate, and dispose of DMA memory, kernel virtual mem- 
ory, and synchronization mechanisms, such as locks, "spin locks," 
and semaphores. (A spin lock is a busy-wait method of ensur- 
ing mutual exclusion for a resource. Tasks waiting on a spin lock 
sit in a busy loop until the spin lock becomes available.) A driv- 
er may also use special OS features such as "sysfs" support under 
Linux and event tracing under Windows. These functions, 
which the kernel architecture and API to a large extent dic- 
tate, tie closely to the capabilities of the OS. These OS-specif- 
ic functions, on which the driver depends for its efficient oper- 
ation, group together in the CDHS portion. The CDL uses the 
services that the CDHS interface provides and ensures that the 
CDL code remains OS-independent. 

COMMON LIBRARY 

The CDL resides between the CDHI and the CDHS layers. 
The CDL, the device-specific portion of the driver, is the core 
component that is aware of the hardware it controls. The intel- 
ligence of the device driver resides in the CDL. Typically, a driv- 
er "talks" to the device it controls; this communication can 
range from simple manipulation of certain registers on the 
device's hardware interface to sophisticated 
messaging protocols. Message-based protocols 
usually involve the translation of a standard 
OS-based protocol, such as SCSI or ATA, to 
an independent-hardware-vendor-supported 
messaging protocol that the device's firmware 
or hardware understands. An example for a 
storage driver would be translating a SCSI I/O 
request from the SCSI subsystem of the ker- 
nel to an independent-hardware-vendor-spe- 
cific messaging mechanism. 

A device driver may also need to support 
custom I/O control or similar management 
mechanisms that the end user employs to 
manage the hardware. For example, to update 
the firmware on a device, the device driver 
would need to provide a mechanism to pass 
custom commands to the device that are — 
and must be — OS -agnostic. Modern device 
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drivers do robust error checking and use sophisticated methods 
to detect and recover from errors; this feature is especially true 
of storage and RAID (redundant-array-of-independent-disk)- 
related products- In addition, to enhance usability, the device 
driver often translates cryptic error and status codes from the 
firmware to human-understandable formats- 
All of these functions in a device driver are device-specific, 
so does a driver designer need to rewrite the driver for each new 
OS that it will support? CDL is a "write-once, run-anywhere" 
mechanism that enables a designer to cleanly, rapidly, and with 
the least overhead write the driver once and carry it to a new 
OS, even to an embedded environment. 

The CDL layer implements device-specific functions in an 
OS-agnostic manner. It abstracts the device-specific layer, and 
it accesses the device via the CDHI and CDHS through a well- 
defined API. A design team can avoid reimplementing the 
entire driver or porting it over with significant costs when adopt- 
ing a different OS by writing the CDHI and CDHS layers. This 
task is relatively easy for a reasonably seasoned device-driver 
developer with the aid of the OS-kernel documentation or driv- 
er-development kit. 

The task of encapsulating the device-driver intelligence into 
an OS -independent layer is more complex than it sounds. To 
gain the benefits of using a CDL, the driver-design team should 
comprise a group of cross-platform driver experts. 
When attempting to use a CDL approach to creating device 
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Figure 2 The CDHI- and CDHS-component interface for a miniport in a Windows storage sub- 
system would have to work with the Microsoft-port-driver interface so that the CDL does not 
directly interface with the Windows storage stack. 



drivers, it is important for the driver designer to understand how 
each OS that the CDL supports works at a kernel level. This 
knowledge will influence the CDL architecture and is neces- 
sary to effectively partition the CDHI and CDHS interfaces to 
bar any OS-specific functions from the CDL. For example, the 
CDHI- and CDHS-component interface for a Microsoft Win- 
dows storage-device driver (typically, a miniport) would have 
to interface with the Microsoft-port-driver interface so that the 
CDL does not directly interface with the Windows storage stack 
(Figure 2). The same example using a Linux storage subsystem 
represents no change for the CDL, but the CDHI and CDHS 
components work with different OS-driver interfaces from those 
in a Windows environment (Figure 3 ) . 

One of the core responsibilities of an OS is to provide syn- 
chronization and locking capabilities for a kernel-mode driv- 
er. This function allows portions of a driver to run at the same 
time as other portions or to ensure that only one portion of 
a driver can execute at any time. In Windows, a typical stor- 
age miniport driver has minimal control over the synchro- 
nization of starting an I/O versus handling I/O completion in 
the interrupt-service routine. In a SCSI port miniport model, 
these activities are mutually exclusive, whereas the newer 
Storport miniport model improves on this feature by allow- 
ing separate locking for building an I/O, queuing an I/O to 
the controller, or completing an I/O using a simplified spin 
lock and deferred procedure-call interface. 

Linux, on the other hand, gives 
the driver writer complete control 
over the use of spin locks and sem- 
aphores to control driver syn- 
chronization. The widely differing 
approach these operating systems 
take to synchronization can com- 
plicate the design of a CDL if the 
CDL code itself enforces locking 
and synchronization. To simplify 
the design, a designer may choose 
not to implement locking and syn- 
chronization in the CDL itself but 
to rely on a set of constraints that 
force the CDL to hand over the 
locking and synchronization to 
the CDHI component. 

A good rule of thumb is to make 
all of the CDL interfaces non-re- 
entrant, to make them run to com- 
pletion, and to force users of the 
CDL to enforce this constraint. 
Another possibility is to include 
certain classes of CDL interfaces 
that adhere to different con- 
straints, such as using the routines 
add_request_to_queue() and re- 
mo ve_request_from_queue ( ) , 
which might be mutually exclu- 
sive of each other but can execute 
at the same time as other CDL 
API. 
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Mind Your I's and Q's 



Most people who use cell phones, portable PCs, and other 
wireless devices understand the benefits of radio-frequen- 
cy communications. Because consumers always expect more ca- 
pabilities, designers must push communications to higher fre- 
quencies, use more sophisticated information encoding or 
modulation schemes, and transmit or receive at lower power. 
Often they require higher data throughput or higher band- 
widths. Engineers refer to bandwidth rather loosely, though, 
which can cause confusion. Keep in mind two different types of 
bandwidth: A WLAN based on IEEE 802.1 Ig, for example, 
provides a data bandwidth as high as 54 Mbits/sec. In the US, 
those transmissions take place between about 2.412 and 2.462 
GHz, a signal bandwidth, or frequency range of about 50 MHz. 

By modulating a carrier signal, we add information that oth- 
ers can receive and demodulate. There are three parameters of a 
signal that can be modified to convey information: amplitude, 
frequency anad phase. 

In mathematical terms, think of modulation as: 

Signal = A^ cos(2'7r/^t+</)) 

Where A equals amplitude, 2 Tr/^t equals frequency, and <p 
equals phase. The combined frequency and phase terms govern 
the "angle" described by the cosine term (Figure 1). Thus, by in- 
dependently changing two components of a signal — its ampli- 
tude and its angle — ^you can increase a signal's information-car- 
rying capacity and its immunity to noise beyond that of basic 
AM, FM, or PM signals. 

Digital-communication techniques specify a set number of 
"states" for each type of digital modulation. A signal that employs 
32-state quadrature amplitude-modulation (32 QAM), for exam- 
ple, allows 32 signal variations. Each variation conveys five bits of 
information (32 = 2^). Instead of modulating phase and ampli- 
tude, the QAM technique modulates the amplitude of an in-phase 
carrier (I) and the amplitude of the carrier shifted one quadrant 
(Q), or 90 degrees (Figure 2). Combining the modulated I and Q 
signals produces a single signal in which the orthogonal I and Q 
components do not interfere with one another. Engineers have 



found it easier to modulate and demodulate the amplitude of two 
signals than to change the amplitude and phase of one signal. (An 
upconverter mixes the modulated baseband signal with a high- 
frequency signal to create the final RF transmission signal.) 

A receiver splits the I and Q information, which in raw form 
looks like a Cartesian plot, often called a "constellation" diagram 
(Figure 3). Each dot represents one of the 32 values allowed in a 
32 QAM signal. Think of the "vector" as a line that connects the 
origin and any dot. Note the relationship between I/Qand mag- 
nitude and phase. Because the combined I/Q signal produces a 
vector, engineers refer to instruments that generate and analyze 
I/Q-modulated signals as vector signal generators (VSG) and 
vector signal analyzers (VSA) . 



Test Your I 





Jill has designed a circuit that demodulates a 
32 QAM signal. When she looks at the data 
stream, though, she sees what seem like ran- 
dom bits — more like a noise signal than data. 

Can you help Jill measure and analyze the signals 
to determine what has gone wrong? 

http://rbi.ims.ca/4402-503 



RF communications cannot occur without errors. So during 
vector analysis of communication signals, engineers quantify a 
modulation-error ratio (MER) and an error-vector magnitude 
(EVM). Both of which require acquisition of signal data, com- 
parison with known-good data, and calculation of results. In 
short, MER calculates the peak or the rms value of the error 
vector between the ideal vector and the actual received vector 
for all points in a constellation diagram. EVM measures the 
difference between the ideal and the actual vector values in a 
transmission. Many vector signal analyzers can provide MER 
and EVM values, which help characterize the quality of a 
modulated signal. 
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A phasor representation of a com- 
munication signal shows its ampli- 
tude and phase components. 
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Atypical l/Q-modulation circuit. 
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The constellation plot for a 32 
QAM signal. 
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Another area in which operating systems vary considerably 
is memory management- Whereas most operating systems pro- 
vide kernel facilities to allocate and free types of memory, such 
as kernel virtual, cache, and DMA memory, operating systems 
vary considerably in how and when they allocate the memory 
and how much memory is available- 

In a typical Windows miniport environment, the OS must 
allocate most memory at driver- initialization time and not at 
runtime. The port driver allocates the DMA memory for build- 
ing the I/O request and scatter-gather lists for DMA opera- 
tions- The driver does this operation on behalf of the mini- 
port and attaches the memory to each I/O it sends to the mini- 
port for processing. Linux, on the other hand, allows the driv- 
er writer to allocate and free memory at any time during the 
driver execution. 

To allow the CDL code to use these memory models, the 
code may leave memory allocation for I/O to the CDHI com- 
ponent, so that the CDL need not understand what OS is run- 
ning and try to manage memory internal to the common code. 
This approach allows Windows and Linux to get the I/O mem- 
ory in their unique way but to use of CDL to link the memo- 
ry and the request. This approach also affects the CDHS com- 
ponent because the CDL code may need to allocate memory 
resources during runtime; in a Windows environment, this 
requirement may force the driver writer to allocate a single 
contiguous block of memory at initialization time and imple- 
ment a page- or a slab-allocation/deallocation scheme to break 

Q LINUX 1/0- 
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that single block into more usable block sizes for the CDL. 

Understanding the hardware the device needs to support is 
an obvious step for any device-driver designer. In some cases, 
the hardware may support a PCI-memory interface that a host- 
OS device driver typically uses; in an embedded-system appli- 
cation, the hardware may expose a local-bus memory interface. 
Because one goal of a CDL is to hide the underlying hardware 
details, if the driver must support multiple hardware platforms, 
the CDL designer may want to use separate components to man- 
age this situation with a common interface that the rest of the 
CDL code can use. This approach allows the use of different 
hardware-specific modules without having to change other CDL 
components, and it allows the driver writer to create different 
flavors of the drivers with compilation-time build switches. 

Understanding the protocols the device driver needs to sup- 
port is another obvious step for a driver designer. If the hard- 
ware requires the use of one protocol for the SCSI controller 
and a different hardware protocol for the SATA controller, it 
might be advantageous to implement them as separate modules 
that have a common interface for use by other CDL compo- 
nents. Again, using compilation-time build switches allows a 
designer to change protocol-specific portions of the CDL with- 
out rewriting other portions of the CDL. 

Once a designer understands these and a host of other, less 
significant constraints, the architecture of the CDL can become 
a modular design that potentially allows the designer to selec- 
tively compile multiple hardware-bus interfaces and protocols 
into or from the library, allowing for 
CONTROL INTERFACE flexibility and extensibility. 
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Figure 3 The CDHI and CDHS components for a Linux environment work with different OS- 
driver interfaces from those in a Windows environment. 



ARCHITECTURE DETAILS 

Figure 4 illustrates a possible CDL 
architecture that embodies some of 
these features. The resulting CDL 
code divides into a number of man- 
agers that compartmentalize group- 
ings of functions. Starting at the hot- 
tom of the diagram, a locaLmemo- 
ry bus and PCLbus module allow the 
CDL to support an embedded ver- 
sion that a RAID-on-chip or storage 
appliance might use or to support a 
traditional host-OS device driver 
through an exposed PCI memory- 
mapped interface. To hide the 
potential difference between hard- 
ware interfaces, a bus manager 
resides atop the local- and PCI-bus 
components. This approach pro- 
vides a consistent interface for the 
protocol components and any other 
higher level components that will 
use the hardware interface. 

The transport- interface-manager 
module would use the bus-manager 
interfaces to implement the trans- 
port-firmware interface that a ven- 
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dor's product uses- This module does the 
"heavy lifting" in the CDL and provides 
an OS' independent transport interface 
that high-level components can use- In 
this example, a protocol manager sits on 
the transport 'interface manager; this pro- 
tocol manager handles SAS-, SATA-, and 
Fibre Channel-protocol-specific tasks, al- 
lowing them to use the transport- interface manager. The func- 
tions might include target-device discovery and rediscovery, pro- 
tocol-specific asynchronous messages, and error handling. 

Other high-level components, such as the configuration-man- 
ager component, sit on top of the protocol manager. The con- 
figuration manager serves as a data-storage area for configura- 
tion parameters that all CDL components use. Also above the 
protocol component, a target manager provides a common set 
of interfaces for discovering target devices, consistently map- 
ping the target devices, and to potentially handle target-level 
resets and I/O aborts. An I/O-control manger provides a con- 
sistent set of high-level interfaces for management applications. 
A CDL component ties together all of the individual compo- 
nents and provides interfaces for other functions. 

The proposed architecture suggests that the driver must tra- 
verse many layers of interfaces in the important I/O-perform- 
ance path, but the designer can minimize the CDL-code over- 
head by providing an interface directly into the transport- inter- 
face manager to bypass most of the CDL components. Likewise, 
a designer can minimize the I/O-completion path by using a 
CDHS callback directly from the transport- interface manager 
to bypass other components and to improve performance. A 
designer can also minimize the layers below the transport- inter- 
face-manager module. In most cases, a designer can use a com- 
pilation-time macro substitution for the bus-manager layer 
whether using the PCI-manager or local-bus-manager compo- 
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Figure 4 A possible CDL architecture embodies CDL code that divides into 
a number of managers that compartmentalize groupings of functions. 



nents. The CDHS interfaces could also use 
a macro substitution that would place the 
calls inline and avoid the extra overhead 
of C-function calls for these interfaces. 

To facilitate the use of the CDL on many 
operating systems, the CDL, CDHI, and 
CDHS components should use a common 
types.h header file that defines all of the 
data types in an OS -independent manner. If the designer has 
correctly built the CDL code, this header file should be the only 
CDL file that will need OS-specific additions for each OS. 

PROS AND CONS 

Independent hardware vendors face the challenge of support- 
ing many operating systems; this requirement was the primary 
motivation for developing a CDL. The need to develop, main- 
tain, validate, and support device drivers for the various host- 
and embedded-system environments makes these tasks increas- 
ingly complex. With a CDL approach, the vendor can experi- 
ence significant savings, leading to a shorter time to market. 

The CDL is portable and can move to different environments 
with minimal changes. Intel has successfully ported a CDL not 
only to different hosts and embedded environments, but also 
to user applications. With the CDL architecture, it is relative- 
ly easy to support a new operating environment. This process 
involves developing the CDHI and CDHS portions, which the 
appropriate operating- environment specialist can easily do. If 
the driver designer can build enough flexibility into the CDL 
design, it is relatively painless to reconfigure the code base into 
a CDL "lite" version. An embedded-system with size limitations 
and high performance requirements could then use this version. 

A related benefit is CDL extensibility, which depends on the 
internal design of the CDL itself. Adding a new function trans- 
lates into adding a new functional manager that accomplishes 
the task and interfacing it with the other managers. 
The complexity of this task depends on how pervasive 
the new feature is. For example, adding a new I/O bus 
would involve adding a subcomponent to the bus man- 
ager in the CDL. This task is easier than adding a new 
configuration parameter that would impact all the 
managers. 

Implementing a test strategy that employs the mod- 
ularity of the CDL architecture can significantly reduce 
the testing cycles for device drivers for multiple oper- 
ating environments. Designers can simultaneously test 
the CDL across multiple environments and distribute 
test coverage among them. Bugs in the CDL should 
appear in any environment using the CDL-based driv- 
er. Regression testing also becomes easier if the design- 
er updates only the OS-dependent portion of the driv- 
er code base. 

In addition to rapid development of drivers, the CDL 
architecture enhances the maintainability of the driv- 
er code because most of it is now common. It is easy 
to maintain this code base rather than manage diverse 
driver-code bases. With the shorter testing cycle, the 
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significantly outperform 0402 coils that are 38% bigger! 



www.coilcraft.com 800/322-2645 



CDL architecture also provides the advantage of having to fix 
bugs only once in the common portion even if the bug existed 
across multiple operating systems- A company can save a sig- 
nificant amount of time in testing and validation. 

A typical implementation vertically partitions device-driver 
development teams, according to the operating environment 
for which they develop- This increase in developer and tester 
resources, in the form of OS experts and domain specialists, 
grows exponentially with the addition of each operating envi- 
ronment. Little interaction or cooperation occurs among the 
teams, leading to inefficient use of resources, because each team 
duplicates the effort necessary for going through a product's life 
cycle. The requirements, design, and development for each driv- 
er are usually distinct and varied. This disparity becomes more 
visible during the maintenance phase of the driver. Teams dupli- 
cate efforts to find, characterize, and resolve bugs within each 
vertical segment. With CDL, an organization can have just one 
device-driver team comprising at least one hardware/firmware- 
domain specialist and at least one operating-environment expert, 
providing for a cross-functional driver-development team. 

Despite the benefits of the CDL architecture, it is not with- 
out pitfalls. An obvious one is the concern regarding the per- 
formance penalty designers incur due to the level of abstraction 
CDL introduces into the driver. The driver-development team 
can minimize this drawback by taking extreme care when 
designing and implementing the CDL components. Another 



potential issue with a CDL is the kind of licensing the devel- 
oper chooses for the CDL component. If you have one or more 
operating environments with conflicting license requirements, 
a problem may arise. Most organizations face misconceptions 
and fears regarding mixing open- and closed-source code. One 
possible approach is to license the CDL under both a com- 
mercial and a compatible open-source licensing scheme. But 
each organization needs to determine its own needs and work 
out the details with its legal department.ty»»^ 
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ake a break from your daily routine and test your power supply design knowledge by trying your hand 
at the crossword puzzle below. Then check your answers at www.powerint.com/puziler9 and enter for a 
chance to win a new Apple iPod Nano. 
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1 Topology for high current 

3 Two terminal regulator 

5 Charger profile 

6 Noise, but you can't LISN for it 

10 AC'DC conversion technology, 
not efficient 

1 1 Information from the front 

14 Inductance, not coupled |_ 

17 Dissipative capacitor parasitic 

19 1000s inverted time 

20 Limits voltage spike after switching 

22 Secondary source of supression 

23 Unwanted, but best not allowed 
to leave 

24 Specified by Rds(on) 

25 8023af 

27 PN, connected 

28 TinySwitch® operating principle 

31 Blocks DC 

32 Efficient and simple SMPS topology 

33 The best control scheme for 
— multiple output designs 
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2 Turns AC to DC ' 
4 What the doe's star seeks 

7 Power reservoir 

8 Ground for the low side 

9 A powerful Scottish gentleman 

12 A 50% enthusiastic goodbye 

13 Reduces electrostatic coupling in transformers 
15 An AC path from primary to secondary 
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16 The original high- voltage integrated switcher IC 

18 values sum in series 

21 A Top regulation method 

23 External Power Supply 

26 Communicates with itself at a required distance 

27 Electron sink 

29 Nikola's magnetic flux 

30 Converter type with high switching frequency at no load 
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For more information on Tl's 3G GIVIAP™ and GIVIAP-Vox™ solutions, visit www.ti.com/3g 
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BY DAVID TORMEY COPLEY CONTROLS 



Using PWM servo amplifiers 
in noise-sensitive applications 

DIGITAL PWM SERVO AMPLIFIERS ARE SMALLER, MORE EFFICIENT, 

LESS EXPENSIVE, AND EASIER TO USE THAN THEIR LINEAR COUNTERPARTS. 



Amotor-drive servo amplifier's output voltage has 
a fundamental frequency and amplitude that 
corresponds to the motor speed, torque, and 
number of motor poles- PWM amplifiers, by 
their nature, also produce higher frequency volt- 
age components that mainly correspond to the 
PWM rise and fall times and repetition rate- The fast edges that 
appear on the PWM output can capacitively couple noise cur- 
rents to nearby conductors unless the system designer takes steps 
to reduce or eliminate coupling paths. 

Designers must take care, therefore, when designing PWM 
amplifiers in noise-sensitive applications- Noise-sensitive appli- 
cations include those that use high-resolution encoders, ultrasonic 
transducers, or other low-level, medium-frequency signal pro- 
ducers. Grounding, shielding, and other circuit-design techniques 
mitigate most noise problems- The most noise-sensitive applica- 
tions may require additional noise-reduction methods, such as 
PWM edge filters- Simple design guidelines ensure effective man- 
agement of capacitively coupled currents and help you to reap 
the full range of benefits that 
PWM servo amplifiers offer. 



PWM APPROACH 

PWM encodes analog sig- 
nals within a digitally com- 
patible, bi-level pulse train. 
Variations of PWM exist, but 
servo amplifiers most com- 
monly use varieties with a con- 
stant carrier frequency. Typical 
PWM carrier frequencies for 
servo amplifiers are 10 to 20 
kHz. Variations in the pulse 
width encode the analog-sig- 
nal information in the PWM 
pulse train. For fixed-frequen- 
cy PWM, designers some- 
times describe the pulse width 
in terms of duty cycle: the ratio 
of the pulse width to the PWM 
period. 

In the frequency domain, 
the PWM drive voltage has 
two primary frequency com- 
ponents. The first is the fun- 



damental motor-drive component, which corresponds to the 
motor speed and number of motor poles. This fundamental com- 
ponent creates the torque-producing motor current. The sec- 
ond frequency component is at the PWM carrier frequency. 
Because this voltage does not correlate with the fundamental 
motor-drive frequency, any current that the PWM component 
of the motor-drive voltage produces does not contribute to 
motor operation. Any current at this frequency only creates 
power loss in the motor. Fortunately, the PWM frequency is typ- 
ically high enough that the motor's inductive impedance is large 
at the PWM frequency. Because current equals the voltage divid- 
ed by the impedance, the current at the PWM frequency is usu- 
ally small. 

The primary motivations for using PWM motor drives are size 
reduction and efficiency improvement. The IGBTs (insulated- 
gate bipolar transistors) or power MOSFETs that convert the 
dc input voltage to a motor-drive voltage operate most efficiently 
when they operate as switches. The PWM signal drives the 
IGBTs or MOSFETs either fully on or fully off with rapid tran- 



ENCODER-NOISE VOLTAGE 



ENCODER 



DC SUPPLY 




m 



GROUND-NOISE VOLTAGE 



Figure 1 Drive-signal edges capacitively couple noise from unshielded cabling to other signal leads, 
such as those that carry shaft-encoder information. 
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sitions between the two states- 
In linear amplifiers, these 
devices operate in their linear 
region, and, as a result, the 
drive amplifier's power losses 
and overall size are larger. 

CAPACITIVE COUPLING 

While the transistors are 
switching between their on- 
and off'States, they pass 
through their linear region 
and dissipate energy. The 
faster the transistors switch, 
the less energy they dissipate, 
and the more efficient the 
amplifier is. If high efficiency 
were the amplifier design's sole 
requirement, the goal would 
be to as quickly as possible 
switch the transistors. There is 
a trade-off, however. The high 
dv/dt that accompanies rapid 
switch transitions can couple 
noise onto nearby circuits. In 
general, faster switching trans- 
lates into higher noise levels. 
The amplifier designer must 
strike a compromise, then, 
between efficiency and noise 
levels. 

The noise couples through 
the parasitic capacitance be- 
tween the motor-cable con- 
ductors and the adjacent cir- 
cuits (Figure 1). The figure 
shows a generic servo-motor 
application with a dc-powered 
PWM servo amplifier driving 
a brushless motor. The ampli- 
fier receives position feedback 
from an incremental encoder. 
In this example, neither the 
motor cable nor the encoder 
cable is shielded. 

The amplifier PWM out- 
put-voltage waveforms on 
phases U, V, and W are in- 
phase, and their duty cycle is 
50%. This in-phase and duty- 
cycle condition is typical 
when the system is holding 
position; the motor current 
and speed are near zero. The 
lower half of the figure shows 
a detailed view of a rising edge 
on the phase W output. Note 




higure 2 Shielding the drive cable safely shunts the noise currents to ground. 



OFFLINE AMPLIFIER SHIELDED MOTOR CABLE MOTOR 




Figure 3 An offline-powered amplifier's negative supply is not directly available as a return path for 
noise currents. Instead, a high-voltage capacitor internal to the amplifier must shunt the negative 
supply rail to earth ground. 




Figure 4 Edge filters reduce the drive signal's dv/dt and thereby attenuate the noise at its source. 
The extent to which you filter, however, is a compromise between noise reduction and overall drive 
efficiency. 
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What's Black, White, 
and Cool All Over? 

Maintaining IC temperatures doesn't have to 
be a riddle. Intersil's new high current 
Integrated FET Regulators have the industry's 
only true Thermal Protection with auto shut 
down at 135X. 

Intersil's EL7554 and EL7566 DC-DC buck regulators with internal 
CMOS power FETs operate from 3V-to-6V input voltage and are 
capable of up to 96% efficiency. But what's really cool about these 
devices is ground breaking features like built-in Thermal Protection 
and Voltage Margining for actual in-circuit performance validation. 



/ 
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HTSSOP THERMAL RESISTANCE vs 
PCBAREA (NO AIR FLOW) 




The first line of defense 
against heat is a 
thermally-efficient HTSOP-28 
package, which utilizes an 
exposed thermal pad 
underneath the 10 to spread 
heat through the PCB. 



The Vtj pin is a 
formula-based, accurate 
indicator of the internal 
silicon junction temperature. 



If all else fails and the 
temperature sensor indicates 
junction temperature above 
135°C, the PWM Regulator 
will shut down. 



Key Features: 

^ 4A (EL7554) and 6A (EL7566) 
continuous output current 

^ Up to 96% efficiency 

Built-in 5% voltage margining 

3V-to-6V input voltage 

^ 0.58 in2 (EL7554) and 0.72 in2 
(EL7566) footprint with 
components on one side 
of PCB 

Adjustable switching frequency 
to 1 MHz 



For more information and samples, 
go to www.intersil.com/edn ^ 

Easy-to-use simulation tool also 
available. Modify switching frequency, 
voltage ripple, ambient temperature 
and view schematics waveforms, 
efficiency graphs and complete BOM 
with Gerber layout. 
www.intersil.com/iSim 



intei kil. 

HIGH PERFORMANCE ANALOG 



Intersil - Switching Regulators for precise power delivery. 

©2005 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design). 




that this edge has a finite rise time; a typical dv/dt is on the order 
of 0-5 V/nsec- Below this rising-edge detail is a waveform show- 
ing the shape of the noise-current coupling through the para- 
sitic capacitance to adjacent circuits as a result of the PWM ris- 
ing edge. 

The size of the parasitic capacitance between the motor con- 
ductors and an adjacent conductor depends on the size, shape, 
orientation, and proximity of the adjacent conductors. The 
equation I=C dv/dt calculates the amount of noise current that 
flows, where dv/dt is the rate of change of PWM voltage, and 
C is the value of the stray capacitance. Whether this noise cur- 
rent causes circuit-function problems depends on the exact path 
it follows and the sensitivity of adjacent circuits. 

The noise current returns to its source, the amplifier, by the 
path of least impedance. For the frequencies generated by the 
PWM edges, this path usually means the path of least induc- 
tance. In the case of a system without any shielding in place, 
the path of least impedance is not well-defined. The noise cur- 
rents may flow in nearby conductors, such as encoder cables and 
other circuits that have a common circuit ground with the 
amplifier. When these currents flow in encoder wires, a volt- 
age develops between the encoder and the amplifier ends of the 
wire. If this voltage is large enough, the amplifier's encoder- 
receiver circuit falsely detects or masks a true encoder transi- 
tion, resulting in a missing or an extra encoder count. Similar- 
ly, these noise currents can develop voltage drops across ground 
conductors and thereby introduce noise on other signal lines. 

The noise currents are largest when the motion-control sys- 
tem is holding position. The rising and falling edges of all three 
waveforms coincide in this condition. The current spikes that 
result from the PWM edges thus all occur at the same point in 
time. The net peak current that capacitively couples to exter- 



RECOMMENDED GROUNDING AND SHIELDING PRACTICES 


Recommendation 


1 Comments/rationale 


Keep motor cables as short as possible, ^t/!/////^ 
Use a motor cable with a high-quality shield. 


1 Capacitance is a function of cable length whether or not a shield is used. ^^^H 
Keeping cables short minimizes capacitively coupled currents. ^^^^ 
The best shield provides complete coverage of the enclosed conductors and 
is also a good, high-frequency conductor. A combination braid-and-foil shield 
is best but not necessary for all applications. 


At the motor end of the cable, make a low-impedance 
connection between the shield and the motor frame. 

At the amplifier end of the cable, make a low-impedance 
connection between the shield and the amplifier's 
common potential for nonisolated, dc-powered 
amplifiers only. For offline-powered amplifiers, 
connect the shield to the chassis ground. 


If the motor has a metal shell connector, then you can tie the shield directly 
to the metal shell of the mating connector. Otherwise, the connection between 
the cable shield and the motor frame should be as short as possible. 
The connection should be as short as and have the lowest inductance possible. 
In the case of pc-board-mounted amplifiers, the pc-board trace from the shield 
to the amplifier's common should be short and wide. Also, the connection 
should be directly to the positive-high-voltage common at the amplifier power 
connector. 


Avoid running sensitive signal cables, such as encoders, 
small signal transducers, and others, in the same cable 
bundle with the motor cable. 


Capacitive coupling is a function of proximity. Separating sensitive signals 

from the motor cable reduces capacitive coupling to the sensitive signals. ^ 


Use shielded cable for the sensitive signals. Connect 
this shield to the high-voltage common only at the 
amplifier end for nonisolated, dc-powered amplifiers only. 
For offline-powered amplifiers, connect the shield to 
the chassis ground. 


The overall shield on the motor cable should prevent coupling to sensitive signals. 
An overall shield on cables with sensitive signals provides a second line of 
defense. 


Add capacitance across the high-voltage do bus 
to keep switching currents local to the amplifier. 

Refer to the amplifier data sheets for model-specific 
considerations regarding wiring best practices. 


1 The PWM switching also draws transient currents from the do supply. For some 
amplifier models, additional capacitance connected to and close to the 
amplifier's positive-high-voltage and positive-high-voltage common terminals is 
recommended. Refer to the amplifier data sheet for details. 
Each PWM amplifier model has noise-related characteristics depending on the 
amplifier topology and basic construction-pc-board-mount amplifiers versus 
panel-mount types, and offline versus dc-powered, for example. 
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THE SHIELD DOES NOT ELIMINATE 
BUT RATHER CONTROLS CAPACI- 
TANCE SO THAT THE COUPLING 
TERMINATES AT THE SHIELD AND 
NOT AT THE EXTERNAL CIRCUITS. 



nal circuits is then the sum of the individual currents con- 
tributed from the U, V, and W phases- On the other hand, when 
the motor is moving and producing torque, the PWM duty cycle 
of each phase changes, and the rising and falling edges no longer 
coincide. In this condition, the current spikes appear at a high- 
er frequency but with lower amplitude- 

MANAGING CAPACITIVELY COUPLED CURRENTS 

You can reduce problems related to capacitively coupled 
PWM noise by using cable shields and proper grounding tech- 
niques- There are two main objectives of grounding and shield- 
ing. The first is to force the capacitively coupled currents to flow 
in a well-defined path; the second is to ensure that any noise 
voltage developed across that path does not disturb critical sig- 
nals. A motor-cable shield connected to both the motor frame 
and the amplifier ground establishes a controlled path through 
which capacitively coupled currents flow (Figure 2). The shield 
does not eliminate but rather controls capacitance so that the 
coupling terminates at the shield and not at the external cir- 
cuits. The ideal overall shield, enclosing all three conductors, 
provides 100% coverage and a zero- impedance path for the 
high-frequency noise currents. A zero- impedance path ensures 
no voltage drop along the shield and that the entire shield is 
at the high-voltage-common potential. 



We Me the Heat 




100% Tested 150X Analog ICs 



"Under-the-hood" environmental conditions present significant challenges to semiconductors due to temperature extremes, 
especially in high power devices. Thankfully, Linearis growing family of 150T junction temperature-capable ICs are tested 
and guaranteed to perform in this environment. Our products include high voltage monolithic switching regulators, controllers 
and linear regulators. See the table below for our current offering. 



High Junction Temperature Capable ICs 



Part No. 


V|N Range 


Output Current 


Topology 


Tj(iviAX)°C 


Package 


LT®3012/3 


4V to 80V 


250mA 


LDO 


150 


TSS0P-16E 


LT3437 


3.3V to 80V 


400mA 


Buck Converter 


140 


TSS0P-16E 


LT1766 


5.5V to 60V 


1.25A 


Buck Converter 


140 


TSS0P-16E 


LT1976 


3.3V to 60V 


1.25A 


Buck Converter 


140 


TSS0P-16E 


LT1936 


3.6V to 36V 


1.4A 


Buck Converter 


150 


MS0P-8E 


LTC®3803-5 


6V to 72V 


3A 


Flyback Controller 


150 


ThinSOT™ 


LTC1772 


2.5V to 9.8V 


5A 


Buck Controller 


140 


ThinSOT 


LTC3731 


4.5V to 36V 


60A 


Sync Buck Controller 


140 


SSOP-36 



Info & Free Samples 



www.linear.com/automotive 

Literature: 1-800-4-LINEAR 
Support: 408-432-1900 




XT; ltc, LT and Burst Mode are registered trademarks and 
ThinSOT and True Color PWM are trademarks of Linear 
Technology Corporation. All other trademarks are the property 
oj their respective owners. 
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The shield connection to the motor 
frame terminates the capacitive coupling 
between the motor windings and motor 
frame. In this way, the motor frame pro- 
vides an overall shield for the motor wind- 
ings- The cable shield provides a path for 
these currents to return to the amplifier's 
common, as well- 
Typical values for shielded-cable capacitance and motor-wind- 
ing'tO'frame capacitance are on the order of 250 pF/ft and 0.5 
nF, respectively. The cable capacitance is a measured value for 
four #16 AWG conductors with a foil shield. If you use a PWM 
rising-edge rate of 0.5 V/nsec, the peak current flow in the over- 
all shield is I=Cdv/dt= (2.5 nF+0.5 nF)0.5 V/nsec = 1.5 A peak. 
On the PWM falling edge, the same calculation holds, except 
the polarity of the current is reversed. So, when the motor is 
just holding position, you could expect a peak current of 3 A p- 
p flowing in the cable shield. Table 1 presents recommenda- 
tions for grounding and shielding practices. 

EDGE FILTERS 

An offline-powered amplifier takes ac power from the mains 
and uses an internal rectifier to supply a dc bus (Figure 3 ). The 
negative side of the dc bus is not available for connection to 
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the motor-cable shield, as is the case with 
nonisolated dc-powered amplifiers. In this 
topology, the bus is typically lOOV or more 
below earth-ground potential, and con- 
necting the cable shield to this potential 
would constitute a safety hazard. 

Nonisolated, dc-powered amplifiers 
operate from line- isolated dc-power sup- 
plies; the negative rail of these supplies commonly connects 
directly to earth ground. In such arrangements, connecting the 
cable shield to the common bus is safe, practical, and effective. 

In the case of the offline-powered amplifier, the shield con- 
nects to the amplifier chassis ground. A high- voltage, safety- 
rated capacitor internal to the amplifier bypasses the bus to 
chassis ground. This connection provides a path for the noise 
currents flowing in the shield to return to their source — the 
bus. 

Offline-powered amplifiers usually operate from higher volt- 
ages than dc-powered amplifiers, and, as a result, the dv/dt of their 
PWM outputs tends to be higher than that of dc-powered ampli- 
fiers. Furthermore, because the cable-shield currents flow through 
the internal capacitor before returning to the bus of the ampli- 
fier, cable shielding tends to be less effective than in the dc-pow- 
ered arrangement. These facts make PWM noise issues more dif- 
ficult to address in systems using offline-powered amplifiers. 

For noise-sensitive applications that use offline-powered 
amplifiers, you can use another noise- abatement tool: the PWM 
edge filter. PWM edge filters use passive components to reduce 
the dv/dt of the amplifier PWM edges (Figure 4). 

The PWM edge filter connects in series between the ampli- 
fier and the motor and increases the rise and fall times of the 
PWM edges. The edge filter reduces the peak amplitude of all 
capacitively coupled currents. Again, there is a trade-off in edge- 
filter design between overall efficiency and filter effectiveness. 
Filter designs that reduce the rise and fall times by an order of 
magnitude or more are too large and dissipate too much power. 
Edge filters that provide a more modest reduction in rise and 
fall times are effective in real-world applications. The example 
in the figure depicts the effect of a practical edge filter in which 
the dv/dt decreases from 0.5 to less than 0.2 V/nsec. The noise 
current decreases by the same factor: I=Cdv/dt=(2.5 nF+ 
0.5 nF)x0.2V/nsec= 0.6 A. 

To maximize the edge filter's effectiveness, locate it as close 
to the amplifier as possible. Shield the section of cable con- 
necting the edge filter to the amplifier and make it as short as 
possible. Maintain the shield on the section of cable between 
the edge filter and the motor and ensure continuity between 
the shields of each cable section. B)N 
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Charge Your Flash Cap, Drive Any Xenon 

Linearis family of photoflash capacitor charger ICs enable any type of Xenon bulb to be flashed quickly, efficiently and 
consistently. Linearis primary side sensing eliminates the need for power and space wasting secondary voltage sensing 
divider resistors. With controlled input current ranging from 225mA to 4A or more, these ICs can charge a wide range of 
photoflash capacitors, using compact off-the-shelf transformers. Available with or without integrated IGBT driver, they 
enable solution footprints as small as ZSmm^ with profiles as low as 2.7mm. Whether your application is a cell phone flash 
or an emergency beacon, or you just want to charge a big capacitor to hundreds of volts, we have a solution for you! 



T Photoflash Capacitor Chargers 



Part Number 


V|N Range 


Controlled Input Current 


Package 


LT®3468/-1/-2 


2.5V to 16V 


500/375/225mA 


ThinSOT™ 


LT3484-0/1/2 


1.8V to 16V 


500/350/225mA 


2mm X 3mm DFN-6 


LT3485-0/1/2/3 


1.8V to 10V 


750/500/350/225mA 


3mm X 3mm DFN-10 


LT3420/-1 


1.8V to 16V 


840/450mA 


3mm X 3mm DFN-10, 
MSOP 


LT3750 


3V to 24V 


Up to 4A* 


MSOP 



▼ Info & Free Samples 



www.linear.com/3485 

Literature: 1-800-4-LINEAR 
Support: 408-432-1900 
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trademark of Linear Technology Corporation. All other trade- 
marks are the property of their respective owners. 



'■ Controller Depends on External MOSFET selection. 
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The Perfect 16-Bit ADC 




Delta-Sigma ADC Family Features Rail-to-Rail, Easy Drive Inputs and No Latency Conversions 

With a tiny package, low cost and low noise, the LTC®2480 provides true 16-bit resolution. Its novel front-end design results 
in zero average differential input current, simplifying front-end signal conditioning and allowing direct drive from high 
impedance sources. Like all of Linear Technology's delta-sigma ADCs, it is extremely easy to use and features an accurate 
internal oscillator, automatic calibration and a digital filter with single-cycle settling. What could be more perfect? 



Easy Drive Delta-Sigma ADC Family 



Info & Free Samples 



Part No. 


Resolution 


I/O 


Max. 
Gain 


Temp. 
Sensor 


Nominal 
Speed 


Package 


1k 

Price 


LTC2480 


16-Bits 


SPi 


256 


Yes 


7.5HZ/15HZ 


3mm X 3mm DFN-10 


$1.85 


LTC2481 


16-Bits 


i^C 


256 


Yes 


7.5Hz/15Hz 


3mm X 3mm DFN-10 


$1.85 


LTC2482 


16-Bits 


SPi 


1 




7.5Hz 


3mm X 3mm DFN-10 


$1.65 


LTC2483 


16-Bits 


i^C 


1 




7.5Hz 


3mm X 3mm DFN-10 


$1.65 


LTC2484 


24-Bits 


SPi 


1 


Yes 


7.5HZ/15HZ 


3mm X 3mm DFN-10 


$2.45 


LTC2485 


24-Bits 


i^C 


1 


Yes 


7.5HZ/15HZ 


3mm X 3mm DFN-10 


$2.45 



www.Iinear,com/2480 

Literature: 1-800-4-LINEAR 
Support: 408-432-1900 




JU, LTC, and LT are registered trademarks and Easy Drive and 
ThinSOT are trademarks of Linear Technology Corporation. All 
other trademarks are the property of their respective owners. 
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NOTES 



Isolated Converters Hove Buck Simplicity and Performance 

Design Note 377 
Kurk Mathews 



Buck converter designers have long benefited from the 
simplicity, high efficiency and fast transient response 
made possible by the latest buck controller ICs, which 
feature synchronous rectification and PolyPhase® inter- 
leaved power stages. Unfortunately, these same features 
have been difficult or impossible to implement in the buck 
converter's close relative, the forward converter, often 
used in isolated industrial and telecom applications. That 
is, until now. The LTC®3706 secondary-side synchronous 
controller and its companion smart gate driver, the 
LTC3725, make it possible to create an isolated forward 
converter with the simplicity and performance of a buck 
converter. 

Simple Isolated 3.3V, 30A Forward Converter 

Many isolated supplies place the controller !C on the input 
(primary) side and rely on indirect synchronous rectifier 



timing and optoisolator feedback to control the output 
(secondary). The circuit shown in Figure 1 offers a more 
direct approach using fewer components. The LTC3706 
controller is used on the secondary and the LTC3725 
driver with self-starting capability is used on the primary. 
When an input voltage is applied, the LTC3725 begins a 
controlled soft-start of the output voltage. As the output 
voltage begins to rise, the LTC3706 secondary controller 
is quickly powered up via T1, D1 and Q2. The LTC3706 
then assumes control of the output voltage by sending 
encoded PWM gate pulses to the LTC3725 primary driver 
via signal transformer, T2. The LTC3725 then operates as 
a simple driver receiving both input signals and bias 
power through T2. 

XT, LTC and LT are registered trademarks of Linear Technology Corporation. 
PolyPiiase is a registered trademarl( of Linear Technology Corporation. 
All other trademarks are the property of their respective owners. 
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Figure 1. Complete 100W High Efficiency, Low Cost, Minimum Part Count Isolated Telecom Converter. 
Other Output Voltages and Power Levels Require Only Simple Component Changes 
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The transition from primary to secondary control occurs 
seamlessly at a fraction of the output voltage. From that 
point on, operation and design simplifies to that of a 
simple buck converter. Secondary sensing eliminates 
delays, tames large-signal overshoot and reduces output 
capacitance. The design shown in Figure 1 features off- 
the-shelf magnetics and high efficiency (see Figure 2). 
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Figure 2. 36V to 72V|n to 3.3Vout Efficiency 

Polyphase Design Ups Power Limit 

The LTC3706 defies typical forward converter power 
limits by allowing simple implementation of a PolyPhase 
current share design. PolyPhase operation allows two or 
more phase-interleaved power stages to accurately share 
the load. The advantages of PolyPhase current sharing are 
numerous, including much improved efficiency, faster 
transient response and reduced input and output ripple. 

The LTC3706 supports standard output voltages such a 
5V, 12V, 28V and 52V as well as low voltages down to 
0.6V. Figure 3 shows how easy it is to parallel two 1 .2V 
supplies to achieve a 100A supply. Figure 4 shows the 
excellent output inductor current tracking during a OA to 
100A load current step and the smooth handoff during 
start-up to secondary-side control at 0.5V output. 

Related Products 

The LTC3705 is a dual switch forward driver version of the 
LTC3725 single switch forward driver. The LTC3705 
includes an 80V (100V transient) high-side gate driver. 
The 2-switch topology eliminates transformer reset con- 
cerns, further simplifying design. 



V(fj- LTC3705/LTC3706 Vout" 

36V-72V1M T01.2V0UT 
V,^- 50A SUPPLY Vout" 

SSP VpKs SYNC ITH SSS 



SSP VpKs SYNC ITH SSS 

V|n' LTC3705/LTC3706 Vqut' 

36V-72V|nT01.2Vout 
V,„- 50A SUPPLY Vouf 



■Vout" 

1.2V/100A 
- Vqut" 



Figure 3. Paralleling Supplies far Higher Power Operation 
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Figure 4. 1.2V, 100A Load Current Step (Top Trace) and 
Start-Up (Bottom Trace) 

The 1 6-pin LTC3726 secondary controller is an option to 
the 24-pin LTC3706. The LTC3726 does not include the 
remote voltage sensing or the linear regulator features 
found in the LTC3706, so it is suitable in a single phase 
design or as a PolyPhase slave device. Both controllers 
may be used without the primary driver for nonisolated 
applications. 

Features 

These ICs include features that provide robust perfor- 
mance with few external parts and a simple feedback 
loop. For example, the LTC3725 primary driver includes 
a linear regulator controller and internal rectifier, elimi- 
nating the need for a primary bias supply. The LTC3725 
also includesavolt-second and primary current limit. The 
LTC3706controllerincludesasynchronousrectifiercrow- 
bar and remote voltage sensing. 

Conclusion 

The new LTC3706 controller and LTC3725 driver bring an 
unprecedented level of simplicity and performance to the 
design of isolated supplies. These two devices work 
together to offer high efficiency, low cost solutions using 
off-the-shelf external components. 
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READERS SOLVE DESIGN PROBLEMS 



Low-cost BER tester measures 
errors in low-data-rate applications 

Cedric Melange, Johan Bauwelinck, Jo Pletinckx, and Jan Vandewege, 
Ghent University, Glient, Belgium 



You don't need an expensive 
pattern generator to produce a 
PRBS (pseudorandom-bit'Sequence) 
signal for making elementary BER (bit- 
error-rate) measurements in low-data- 
rate continuous-transmission systems 
(Reference 1 )♦ You also need not spend 
time programming on a computer to 



compare sent and received data pat- 
terns. Moreover, most professional 
BER-measurement equipment doesn't 
cover lower bit rates- This Design Idea 
offers a simple, low-cost alternative that 
can accommodate data rates as high as 
20 kbps- The system tests a 10-kbps 
transceiver in low-power sensor net- 
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PRBS SEQUENCE 
FROM RECEIVER 



Figure 1 You can assemble a bit-error-rate-measurement circuit from only a 
few components. 





BIT1 




BIT2 









Figure 2 A linear-feedback-shift register generates a pseudorandom bit 
sequence. 



DIs Inside 

1 24 DMA eases CPU's work- 
load for waveform generation 

1 28 Bipolar current source 
nnaintains high output innped- 
ance at high frequencies 

What are your design prob- 
lems and solutions? Publish 
them here and receive $1 50! 
Send your Design Ideas to 
edndesignideas® 
reedbusiness.com. 



works- The pattern generator, a Hew- 
lett-Packard ( www-hp xom) El 40 IB, 
can produce PRBS streams of only 150 
kbps and higher. 

An Atmel (www-atmeLcom) AVR 
microcontroller creates a PRBS signal 
and compares the generated output 
stream with received data bits (Figure 
1 ). After sending 1 million bits, the sys- 
tem displays the number of badly 
received bits on a two-row-by- 16-char- 
acter LCD. You can program the unit to 
transmit longer sequences of bits; how- 
ever, doing so significantly increases the 
measurement time. Many low-cost or 
free development tools are available for 
AVR microcontrollers. This Design 
Idea uses an assembler and a serial pro- 
grammer (references 2 and 3). 

The design uses an 8-bit Fibonacci- 
type LFSR (linear-feedback- shift regis- 
ter) to produce the PRBS stream. The 
basic design includes a serial-shift reg- 
ister with modulo- 2 addition using 
XOR instructions (Figure 2). You 
select the feedback taps' position to 
obtain a maximal- length sequence that 
has a period of 2^—1 bits. Additional 
LFSR designs of different lengths and 
optimal feedback taps are also available 
(Reference 4)- You can easily adapt the 
software in Listing 1 , which is available 
for downloading at www.edn.com/ 
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Figure 3 A simplified flow chart illustrates a BER tester's program subroutines. 



05 1205dil to produce PRBS signals 
with longer periods- A simplified flow 
chart of the assembler program is writ- 
ten for the AVR microcontroller (Fig" 
ure 3). 

The generated bit sequence appears 
at Pin Port Al, which you connect to 
a transmitter that's suitable for the sys- 
tem under test. Connect the digital out- 



put of a convenient receiver to Pin Port 
A4. The processor compares the re- 
ceived input with the output at Port Al 
between two "send" bits. When the bits 
sent and received don't match, the 
number of displayed errors increases. If 
the system exhibits throughput delay, 
you need to modify the software to cope 
with the delay. EDN 



REFERENCES 

n http://intec.ugent.be/design/. 

a AVRStudio 4, www.atmel.com. 

a SP1 2, www.xs4all.nl/~sbolt/ 

e-spider_prog.html. 

n www.newwaveinstruments.com/ 

resources/articles/m_sequence_ 

I i near_f eed back_sh ift_reg ister_lf sr. 

htm. 



DMA eases CPU's workload 
for waveform generation 

Mike Mitchell, Texas Instruments, Houston, TX 



To generate analog voltages and 
waveforms, embedded systems 
often require one or more embedded or 
external DACs. To produce an analog 
voltage, the CPU must write the 
desired output value to the DAC at the 
appropriate time, a task that a timer- 
generated interrupt applied to the CPU 
usually initiates. In applications in 
which the DAC generates a periodic 
waveform, the CPU reads the next 
value from the table, sends it to the 
DAC, increments a table pointer, and 



checks for table boundaries to deter- 
mine when to reset the table pointer. 

Writing the periodic values to the 
DAC to maintain the output waveform 
requires CPU overhead, which varies 
depending on the data table's length, 
the output waveform's frequency, and 
the CPU's operating frequency. For 
example, using 32 data points per peri- 
od to generate a 1-kHz sine wave 
requires the CPU to service 32,000 
interrupts/sec. If the application re- 



form, the CPU's loading increases, and 
updating both DACs within the 
required interrupt-service time may be 
impossible. 

To calculate CPU loading, you need 
to know the length and the context- 
switching overhead of the ISR (inter- 
rupt-service routine). For the MSP430 
processor, the ISR's overhead consumes 
1 1 cycles, but the ISR's length depends 
upon how it is written. The assembly 
code in Listing 1 , available at the Web 
version of this Design Idea at www. 
edn.com/051205di2, uses the fewest 
cycles to implement periodic waveform 
generation using one or two DACs. For 
a typical 1-MHz MSP430 CPU-in- 
struction rate, serving 32,000 inter- 



quires a second analog output wave- j rupts/sec leaves 1 million/32,000 = 
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T1/E1/J1 REDUNDANCY SWITCH 
REPLACES ELECTROMECHANICAL 
RELAYS IN TELECOM LINECARDS 

All-Silicon Solution Integrates Surge-Protection* Diodes for Significant Space Savings 

98% SPACE SAVINGS 




>I/I/JXI>I/I 

MAX4670 



30mm 
FOUR 2 FORM C 
ELECTROMECHANICAL RELAYS, 
PROTECTION DIODES, AND RELAY DRIVER 

NO SIGNIFICANT LOSS 
IN TEMPLATE PERFORMANCE 



5mm 



OCTAL SPOT 
ANALOG SWITCH WITH 
INTEGRATED PROTECTION DIODES 





















1 

1 








'I 








\ \ 











ACTUAL E1 TEMPLATE 
(NO REDUNDANCY) 



ACTUAL E1 TEMPLATE USING MAX4670 
PROTECTION SWITCH (8:1 REDUNDANCY) 



Part 


Configuration 


Supply Voltage 
(V) 


TxRoN 

(Q) 


Tx Con 

(PF) 


Rx Ron 


Rx Con 

(pF) 


Surge 
Protection* 


Package 
(mm X mm) 


MAX4670 


Octal SPOT 


3.3 


1.0 


30 


10 


7 


Yes 


28-QFN (5x5) 



*Surge protection meets GR-1089 intra-building, 2/1 Ops surge and lEC 61000-4-5, 8/20[JS surge specifications (LIU-side protection). 
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CALL TOLL FREE 1-800-998-8800 (6:00 a.m.-6:00 p.m. FT) 
For a Design Guide or Free Sample 
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1-888-MAXIM-IC 
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Figure 1 Using DMA, tabulated data values on their way 
to waveform-generating DACs avoid handling by a sys- 
tem's processor. 
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I... 



Figure 2 Optional lowpass filters on the DACs' outputs 
remove switching artifacts from the sine and the cosine 
waveforms. 



31.25 CPU' instruction cycles between 
interrupts. An ISR requiring 18 
cycles — that is, 18/31.25 = 57.6 — rep- 
resents a 57.6% CPU load. Supporting 
two DACs requires 23 cycles — that is, 
23/3 1.25 = 73.6— and imposes a 73.6% 
CPU load. Increasing the MSP430's 
clock rate to its maximum 8 MHz 
reduces the CPU loading to 7.2 and 
9.2%, respectively. 

The required CPU load imposes lim- 
its not only on other tasks that the 
application may demand, but also on 
the waveform's maximum frequency. 
For example, a CPU operating at 100% 
CPU loading and an instruction rate of 
1 MHz can generate a single waveform 
with a maximum frequency of approx- 
imately 1.73 kHz or two waveforms 
with a maximum frequency of approx- 
imately 1.35 kHz each. Raising the 
instruction rate to 8 MHz increases the 
respective maximum frequencies to 
approximately 13.9 and 10.9 kHz. 

However, the MSP430F15x/16x 
family of devices includes a multi- 
channel-DMA controller that can 
move data from one location to anoth- 
er without CPU intervention (Figure 
1). In a waveform-generation applica- 
tion, the DMA controller moves data 
from the data table to the two DACs, 
significantly reducing the necessary 
CPU overhead to produce the wave- 
forms. You can configure each of the 




Figure 3 A phase shift occurs between the sine and the cosine output wave- 
forms; removing the lowpass filters in Figure 2 reveals switching artifacts. 



DMA controller's three separate and 
independent channels to move a value 
from any address to any other address. 
In this example, one data table contains 
values for both the sine and the cosine 
waves, and two of the DMA channels 
simply access different parts of the table 
to form the sine and the cosine outputs. 
In addition, each DMA channel can 
independently increment its source or 
destination address. For this applica- 
tion, each DMA channel increments 



its source address, but the destination 
addresses of the respective DAC data 
registers always remain the same. 

You can reconfigure each con- 
troller's preset number of DMA trans- 
fers. When either DMA channel has 
transferred its programmed number of 
data values, it begins the next data 
transfer from its originally pro- 
grammed source address. In effect, each 
DMA channel treats its portion of the 
data table as a circular buffer to gener- 
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DUAL, 30mA CURRENT-OUTPUT DACs 
A TINY, 3mm X 3mm, 16-PIN, 
TQFN PACKAGE 



The MAX5550 (10-bit) and MAX5548 (8-bit) dual-current-output DACs provide a pin-selectable 
I^C* or SPI™ serial interface. The parallelable outputs increase current output (up to 60mA, 
max). The DACs provide multiple addressing capability for I^C applications and DOUT for 
daisy-chaining or readback in SPI mode. 
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OR I^C INTERFACE 




INTERNAL 

1.25V 
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DAC A 
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DACB 



T 



4 



JUIb 



OTO 30mA 



OTO SOmA 



PARALLELABLE OUTPUTS 
PROVIDE UP TO 60mA 



GND 



♦ Current Output Sources Up to SOmA 

♦ Dual Outputs for Balanced Systems 

♦ Output Stable with RF Filters 

♦ Internal or External Reference Operation 

♦ DOUT for Daisy-Chaining or SPI Readback 



♦ 5pA Shutdown Current 

♦ Guaranteed Low-Output Leakage Current 
in Shutdown 

♦ Guaranteed Monotonic over -40''C to +85X 
Temperature Range 

♦ Single +2.7V to +5.25V Supply 



Part 


Resolution 
(Bits) 


Temp Range (X) 


Package 


Priced 
($) 


MAX5548 


8 


-40 to +85 


16-TQFN 


2.97 


MAX5550 


10 


-40 to +85 


16-TQFN 


3.37 




*Purchase of I^C components from Maxim Integrated Products, Inc., or one of its sublicensed Associate Companies, conveys a license under the Philips I^C Patent Rights to use these 
components in an I^C system, provided that the system conforms to the I^C Standard Specification defined by Philips. 
SPI is a trademark of Motorola, Inc. 

t1000-up recommended resale. Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchange rates. Not all packages 
are offered in 1k increments, and some may require minimum order quantities. 
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ate a periodic waveform. Although 
DMA transfers do not involve the CPU, 
each transfer does consume two CPU 
clock cycles, which delays CPU code 
execution and thus introduces over- 
head. For the single-waveform example, 
using DMA transfers consumes two 
clock cycles for each DAC update 
instead of the 18 cycles necessary when 
using only the CPU. Thus, for a CPU 
clock rate of 1 MHz, using DMA 
reduces the effective CPU loading from 
57.6% to 6.4% and increases the possi- 
ble maximum output frequency from 
approximately 1.73 kHz to approxi- 
mately 15.6 kHz. For an 8-MHz clock 
rate, using DMA reduces single-wave- 
form CPU loading from 7.2% to 0.8%. 

Generating two waveforms requires 
two DMA transfers or four clock cycles. 
For the two-waveform example, DMA 



reduces loading from 73.6% to 12.8% 
for a 1-MHz instruction rate, and from 
9.2% to 1.6% for an 8-MHz rate. For 
the 1-MHz instruction rate, using 
DMA increases the possible maximum 
frequency for two waveforms from 
approximately 1.35 kHz to approxi- 
mately 7.8 kHz. 

After initialization, each DMA con- 
troller simply performs its duties with 
no further intervention other than 
receiving a trigger to move the data 
value. In this example, each DAC's 
interrupt flag serves as a trigger for its 
respective DMA channel. When you 
use dual DACs, you can load each 
DAC with the next value of waveshape 
data before it's required and then simul- 
taneously trigger both DACs using a 
timer to avoid introducing delays that 
manifest themselves as output har- 



monic distortion. Listing 2, also avail- 
able at www.edn.com/05 1205di2, con- 
tains software that generates sine and 
cosine waves and illustrates the DMA 
channels' independent operation apart 
from the CPU. Note that, after initial- 
ization of DMA channels and other 
device-specific peripherals, no further 
CPU activity occurs. 

Figure 2 shows a partial schematic of 
the DACs' outputs. Depending on the 
application, you may need to add 
optional resistance-capacitance lowpass 
filters at the DACs' outputs. Select val- 
ues for the resistor and capacitor in 
each filter to produce a pole in the fil- 
ter response at the desired output fre- 
quencies. Note that the oscilloscope 
photo in Figure 3 was taken with fil- 
ters removed to show the DAC outputs' 
unfiltered waveforms. EDN 



Bipolar current source maintains 

high output impedance at high frequencies 



Alex Birkett, University College 
London, Hospital National Health 
Service, London, UK 

□ Traditional current sources and 
voltage-to-current converters 
based on instrumentation and opera- 
tional amplifiers offer high output 



impedances at low frequencies because 
of the amplifiers' good low-frequen- 
cy CMRR (common-mode-rejection 
ratios). At higher frequencies, decreas- 
ing CMRR, inher- 
ent output capaci- 
tances, and slew- 



rate limitations prevent realization of 
high-quality current sources. Two 200- 
MHz line-receiver/amplifier ICs from 
Analog Devices, the ADS 129 and 
ADS 130, offer differential inputs and 
outstanding CMRR, making them 
strong candidates for building high-fre- 
quency constant-current sources. Al- 
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Figure 1 The 200-MHz AD8130 differential-input line 
receiver/amplifier can serve as a basic building block in 
a high-frequency-capable current source. 
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Figure 2 Adding an Analog Devices AD8065 buffer ampli- 
fier, IC2, isolates the current-sampling resistor Rsense^"^^ 
reduces errors that IC^'s input-bias current contributes. 
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When Metro Networks demand bandwidth... 



PMC delivers 



Direct. 



www.pmc-sierra.com/metro 



To get to market reliably, effectively and on tinne with 
equipment that meets the demands of today's bandwidth 
hungry networks, PMC's metro networking solutions 
deliver what it takes to get you there direct, from concept 
to market, and meet the challenge of emerging Triple Play, 
VoIP, and Wireless services. 



Highly Integrated 

TEMAP-168 is a highly integrated 
flexible solution capable of 
supporting clean channel DS-3 
and DS-3 Transmux mapping 
on a single card, and integrated 



Reduced Equipment Cost 

ADM-622, a single-chip MSPP 
cost-optimized for 0C-3/STM-1 and 
0C-12/STM-4, features an EoS interface 
and integrated Ethernet multiplexing 
functions, while supporting legacy 
PDH and next-gen seryices. 



Interoperable 

Extensive family of standards 
compliant system solutions 
including POS PHY, SPI-4, TFI-5, 
SFI-4,GMII,SMIIand PCI. 



7" 



To Market 



From Concept i 



Visit www.pmc-sierra.Cw o to access a wide range 

of technical documents, including reference design collateral 

white papers and webinar materials. 



Scalable 

With CHESS III and CHESS wideband, 
designers can expand the core 
capacity of MSPPs from 160G to 320G 
to 64GG with small incremental future 



Multi-Service Solutions 

PMC delivers complete end-to-end 
interoperable architectural solutions, 
supporting an extensive range of 
protocol services including ATM, 
POS, EOS, HDLC, G.?29, SONET, 
Tl/Eland MPLS. 



Market Proven 

CHESS III and CHESS Wideband 
chipsets are currently deployed in 
new generations of Broadband 
and wideband equipment worldwide 
from FE, GE, and T1/E1/DS-3/E3/EC-1 
to 622M, 2.5G and IGG metro services. 




PMC 

PMC-SIERRA 

Thinking you can build on. 



designideas 



though the circuit in Figure 1 provides 
a good starting point, the AD8130's rel- 
atively high input bias current can 
affect output'Current accuracy at low 
current levels- 

To overcome the problem, you can 
add a unity-gain buffer, IC^, to isolate 
the current'Sense resistor (Figure 2). In 
addition, you can use the buffer ampli- 
fier to measure the load voltage and 
bootstrap the output cable's capaci- 
tance- The circuit presents an output 
impedance of about 500 kll at 1 MHz 
and a current-compliance range of to 
±3V using ±5V power supplies- 
Current sources that have capaci- 
tance-coupled loads benefit from a dc 
servo loop to stabilize the circuit's oper- 
ating point (Figure 3)- The value of 
output-coupling capacitor Cq depends 
on the desired low-frequency roll-off 
characteristic- Further improvements 
of the basic circuit enable compensa- 
tion of output capacitance and in- 
crease the circuit's output impedance. 
A small, adjustable feedback 
capacitor, C^^^^^p, that's approx- 
imately one-half of the output's 
stray capacitances provides 
feedforward compensation and 
further reduces the effects of 
stray capacitance at the output 
(Figure 4). To prevent oscilla- 
tion, the cable's shield-driver 
circuit's gain should be slightly 
less than unity. Note that 
reducing the output-current- 
sense resistor, R^, to 100H com- 
pensates for the input attenua- 
tor formed by and R^ and 
maintains a 1 -mA/V character- 
istic. This voltage-to-current 
source's frequency range spans 
20 Hz to 10 MHz. For best 
results, use high-frequency cir- 
cuit-layout and power- supply- 
bypassing methods.EDN 




Figure 3 For an ac-coupled current output, add a dc-stabilization loop, \C^^ 
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exclusively devoted to Design 
Ideas on our Web site. Check 
It out atwww.edn.com/ 
designideas. 
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Figure 4 The complete circuit includes trimmer capacitor C^^Q^p, which compensates 
for stray capacitances in the circuit's packaged layout. Also, note wideband treat- 
ment of power-supply bypass capacitors. 
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Your First Look at New Analog and Mixed Signal ICs from Analog Devices 



Fall/Winter 2005 




AD776G/AD7762/AD7763— New High Speed 24-Bit ADCs Improve Accuracy While Simplifying Front End 
Signal Conditioning 



AD7762/AD7763 
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HIGH SPEED AC PATH 
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(AD7762 
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$34.95 
$17.95 
$17.95 



www. analog. eom/AD7760 
www. analog. com/AD7762 
www. analog. com/AD7763 



For those industrial and instrumentation applications that demand both 
high speed ac and accurate dc performance, Analog Devices now offers 
a new family of 24-bit converters that makes the benefits of X-A conver- 
sion available at much higher speeds. A wide dynamic range, combined 
with significantly reduced antialias filtering requirements, truly simplifies 
the design process and provides cost savings when compared to lower 
performance devices that require considerable front end signal process- 
ing. An integrated buffer to drive the reference, differential amplifier for 
signal buffering or level shifting, an overrange flag, programmable inter- 
nal gain and offset registers, and a low-pass digital FIR filter make these 
devices compact, highly integrated data acquisition solutions for both 
ac and dc signals requiring minimal peripheral component selection. In 
addition, programmable decimation rates and ability to adjust the filter 
characteristics if the default characteristics are not appropriate signifi- 
cantly simplify high performance data acquisition, making the AD7760, 
AD7762, and AD7763 ideal for applications demanding industry-leading 
SNR without necessitating design of complex front end signal process- 
ing. The AD7760/AD7762/AD7763 are available in TQFP-64 packages. 



36 V, Low Noise, Precision, Rail-to-Rail Output Op Amp 
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[ AD8675 

f www.analog.com/AD8675 



$1.1 7i 



The AD8675 is a versatile, high precision op amp that combines low noise with an 
increased dynamic performance range. Enabled by ADI's /Polar trench isolation manu- 
facturing process technology, the dual-supply AD8675 is only half the cost of competing 
amplifiers while reducing power 30%, lowering input bias current 75%, and providing 
65% less drift over temperature. The new device also achieves three times the band- 
width and ships in a 3 mm x 5 mm, 8-lead MSOP (mini small outline plastic) package, 
just half the size of other amplifiers designed for high voltage industrial applications. 

The AD8675 offers 2.5 nV/VT¥ noise, 2 nA max bias current, 2.5 mA supply current, 
and rail-to-rail output in an MSOP package. It is well-suited for applications where 
both ac and dc error sources cannot be tolerated. For applications with even lower 
error tolerances, the AD8675 has a proprietary offset nulling capability that allows a 
combination of both device and system offset errors up to 1 mV to be compensated 
externally. Unlike previous nulling schemes, the new technique does not degrade 
CMRR or offset drift performance of the amplifier. 
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Highly Integrated ADL5350 Delivers Flexibility in Frequency Planning, Low Power Consumption, and 
Small Footprint for Wireless Applications 



ADL5350 $2.35 
www. analog. com/ADL5350 g| 



The ADL5350 is an RF (radio frequency) mixer tliat offers industry- 
leading linearity over a broad frequency range up to 3 GHz for both 
upconversion and downconversion applications. By delivering high 
linearity, very low power consumption, and high integration in a 

miniature 3 mm x 2 mm package, ADI's ADL5350 RF mixer reduces board space and cost while 
enabling designers to achieve no-compromise levels of performance. The ADL5350 excels in providing 
outstanding linearity for demanding applications such as GSM, CDMA, and WCDMA cellular base sta- 
tions on a power budget, and the package footprint and price required by low cost portable applications, 
such as cellular phones. 

The ADL5350 is the first single chip device to offer this combination of high linearity and exceptionally 
low power; it operates from a 3 V to 5 V supply and consumes only 16 mA of supply current. The 
device is packaged in a small 3 mm x 2 mm LFCSP (lead frame chip scale package), making it suitable for portable applications. 




Triple Differential Receiver Simplifies Reception of Video Signals 



AD8143 $2.55 
^ www.analog.com/AD8143 g| 



The AD8143 is a triple, low cost differential to single-ended 
receiver specifically designed for receiving RGB video signals 
over twisted pair cable. With a high common-mode rejection 
ratio (CMRR) of 70 dB at 10 MHz, the AD8143 eliminates the 

effects of induced electromagnetic interference (EMI) over long cables, further reducing cost by 
allowing for the use of unshielded twisted pair (UTP) cable. The AD8143 converts differential inputs 
to single-ended outputs, and the wide common-mode input range of ±10 V maintains signal 
integrity in systems where ground potential is different between the drive and receive ends. In 
addition to the three differential receivers, the AD8143 includes two auxiliary comparators, which can be used to receive digital signals from 
the fourth twisted pair of the Cat-5 cable, such as keyboard or mouse functions in KVM applications. 

Package: 5 mm x 5 mm, 32-lead LFCSP 




Lowest Noise, Precision, Quad Op Amp at 36 V 
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ADA4004-4 $3.02 
www. analog. com/ADA4004-4 



The ADA4004-4 offers industry-leading 2 nV/VHz noise perform- 
ance at just 1 .7 mA/amp of supply current. This combination 
allows the best dynamic range over the extended industrial 
temperature range without incurring additional cooling or power 

penalties (e.g., fans, heat sinks). The LFCSP package saves board space, reduces cost, and improves 
layout flexibility. The ADA4004-4 is fully specified to operate from ±5 V to ±15 V over the extended 
temperature range -40°C to +125°C. 

Packages: Pb-free, 4 mm x 4 mm, 16-lead LFCSP and 14-lead SOIC 



Dual-Purpose Log Amp Accurately Measures and Controls RF Signals Over the Industry's Widest 
Frequency Range 



AD8317 $3.93 
www. analog. com/AD8317 



The AD8317 is the industry's first RF (radio frequency) logarithmic 
detector/controller that accurately measures the power of radio 
signals from 1 MHz to 10 GHz, covering all cellular standards and 
a variety of wireless infrastructure and broadband wireless applica- 
tions. In addition, the device offers fast output response time— enabling superior RF burst detection in 
radar applications — a tiny 2 mm x 3 mm package for space-constrained applications, and low power 
consumption for portable applications. These features, packed into one small IC (integrated circuit), allow 
manufacturers to reduce inventory and leverage design costs by having one device that can be used in 
several products. 

The AD831 7 provides precise, temperature-stable performance over the full range of -40°C to +85°C, as 

well as a very fast output response time of 5 nanoseconds, enabling RF burst detection beyond 125 MHz. 
The device operates over a supply voltage range of 3 V to 5 V, consuming only 20 mA of current; power consumption is reduced to less than 
1 mW when the device is disabled. 

^ ' — '^mm 
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AD1 970— Complete MTS (BTSC) TV Stereo Encoder Delivers Enhanced Audio Experience 




AD1970 $5.50 
www. analog. com/AD1970 



The AD1970 is an analog or digital in, analog out TV stereo digital 
audio processor with programmable MTS (BTSC) encoder that 
includes pilot-tone generation and subcarrier mixing functions. The 
stereo ADC provides the means for digitization of the analog base- 
band audio signal. A built-in high performance DAC is provided to output the BTSC baseband composite 
signal. The output of the AD1970 can be connected with minimal external circuitry to the input of a 
4.5 MHz aural FM modulator. 

In addition to the digital BTSC encoder, the AD1970 includes a stereo image enhancement function, 
Phat Stereo™, to increase the sense of spaciousness available from closely spaced TV loudspeakers. 
A dialog enhancement algorithm solves the problem of playing wide dynamic range sources over limited- 
performance TV speakers and amplifiers. An PC® port allows control of the AD1970's registers and 
parameters. The AD1970 is available in a 7 mm x 7 mm, 48-lead LQFP form factor. 



ADV71 80— Versatile NTSC/PAL/SECAM Video Decoder Enables Today's Advanced Video Formats 




40-lead, 3-input LFCSP $5.64 
64-lead, 6-input LQFP $5.92 
www. analog. com/AD V7180 



The ADV7180 automatically detects and converts standard analog 
baseband television signals compatible with worldwide NTSC, PAL, 
and SECAM standards into 4:2:2 component video data compatible 
with the 8-bit ITU-R BT.656 interface standard. The simple digital 
output interface connects gluelessly to a wide range of MPEG 

encoders, codecs, mobile video processors, and ADI's range of digital video encoders, such 
as the ADV7179. External HSYNC, VSYNC, and FIELD signals provide timing references for LCD 
controllers and other video ASICs, if required. 10-bit accurate A/D conversion provides professional 
quality video performance for consumer applications with true 8-bit data resolution. Three analog video 
input channels accept standard Composite, S-Video, or YPrPb video signals, supporting a wide range 
of consumer video sources. AGC and clamp restore circuitry allow an input video signal peak-to-peak 
range of 1 V. Alternatively, these can be bypassed for manual settings. 



AD9959/AD9958— 4-Channel/2-Channel, 500 MSPS DDS with Integrated 10-Bit DACs 




Applications 

• Agile LO frequency synthesis 

• Phased array radar/sonar 

• Instrumentation 

• Synchronized clocking 

• RF source for AOTF 



AD9958 $20.24 
AD9959 $37.14 
www. analog. com/AD9959 



The AD9959 and AD9958 devices consist of four and two (respec- 
tively) independently programmable DDS channels. Since all 
channels share a common 500 MSPS system clock, they are 
inherently synchronized. If more than four channels are required, 
synchronizing multiple devices is a simple task. The AD9959 

and AD9958 feature independent frequency, phase, and amplitude control of each channel; this 
allows for the correction of system channel imbalances due to analog processing such as filtering, 
amplification, or PCB layout related mismatches. The devices readily support frequency sweeping for 
radar and instrumentation applications. The devices incorporate an integrated high speed 10-bit DAC 
for each channel with excellent wideband and narrow-band SFDR. Each DDS has a 32-bit frequency 
tuning word, 14-bits of phase offset, a 10-bit output scale multiplier, and is available in a space-saving, 
56-lead LFCSP package. 
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ADCMP580/ADCIVIP581/ADCMP582— The Newest Family of Ultrafast SiGe Voltage Comparators from AD! 



ADCMP580 $7.00 
ADCMP581 $7.00 
ADCMP582 $7.00 
\M\N\M. analog, com/comparators 



Analog Devices continues to grow its already extensive portfolio 
of high speed and low power comparators with the release of 
the ADCMP580/ADCMP581/ADCMP582 ultrafast voltage com- 
parators. The ADCMP580 features CML output drivers; the 
ADCMP581 features reduced-swing ECL (negative ECL) output 
drivers; and the ADCMP582 features reduced-swing PECL (positive ECL) output drivers. 

These three comparators offer 150 ps propagation delay and 100 ps minimum pulse width for 10 Gbps 
operation with 200 fs random jitter (RJ). Overdrive and slew rate dispersion is typically less than 
25 ps. The ±5 V power supplies enable a wide -2 V to +3 V input range with logic levels referenced 
to the CML/NECL/PECL outputs. The three inputs have 50 11 on-chip termination resistors with the optional capability to be left open (on an 
individual pin basis) for applications requiring high impedance input. 

High speed latch and programmable hysteresis are also provided. The differential latch input controls are also 50 fi terminated to an 
independent VTT pin to interface to either CML or ECL or to PECL logic. The ADCMP580/ADCMP581/ADCMP582 are available in 16-lead 
LFCSP packages. 



1^/^ Zero-Drift, Low Noise, Rail-to-Rail Quad Op Amp for Precision Sensing Applications 



AD8630 $2.70 
www.analog.com/AD8630 



The AD8630 is designed for precision sensing applications where 
error sources cannot be tolerated. The AD8630 has the lowest noise 
(0.5 |jlV p-p, Hz to 10 Hz) and lowest drift (less than 0.02 |jlV/°C 
max) of any auto-zero amp on the market today, and offers a low 

offset voltage of only 5 |jlV max. It operates on a single supply from 2.7 V to 5 V and has rail-to-rail input 
and output swing. The AD8630 is fully specified for operation over the extended industrial temperature 
range of-40°C to +125°C. 

Packages: Pb-free, 14-lead TSSOP and SOIC surface mount 
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ADIVI1191/ADIVI11 92— Digital Power Monitor with Convert Pin and Extended Addressing 



ADM1191 $1.15 
ADM1192 $1.15 
www. analog. com/ADM1 191 
www. analog. com/ADM1 192 ^ 



The ADM1191 offers digital current and voltage monitoring via 
an on-chip 10-bit ADC, communicated through an SMBus 
interface. An internal current sense amplifier senses voltage 
across the sense resistor in the power path via the VCC and 
SENSE pins. A 10-bit ADC is configured to be able to measure 
the current seen in the sense resistor and also the supply volt- 
age on the VCC pin. The current sense amplifier. 

An industry-standard SMBus interface allows a controller to read current and voltage data from the 
ADC. Measurements can be initiated by an SMBus command write or via the CONV pin. Alternatively, 
the ADC can run continuously and the user can read the latest conversion data whenever it is 
required. Up to 16 unique SMBus addresses can be created by the way the AO and A1 pins are connected. 

A digital overcurrent level can be programmed. The AlertB output flag will assert if this level is exceeded. Overcurrent events can be cleared 
via the SMBus. The ADM1 1 91 is available in a 1 0-lead MSOP package. 




Designs Using Low Cost, DC-Coupled VGA Boost Bandwidth and Cut Power Requirements 




AD8337 $2.49 
www.analog.com/AD8337 ^ 



Designers of industrial and instrumentation equipment often need to 
balance good dc performance with high bandwidth and low power 
requirements. Trade-offs can affect the accuracy and consistency of 
the design. The AD8337 dc-coupled, single-ended variable gain ampli- 
fier (VGA) strikes a balance by offering up to 50% more bandwidth (300 MHz at -3 dB) and 25% lower 
power per channel than competitive devices. The AD8337 topology is an X-AMP® structure with 24 dB of 
gain range with excellent bandwidth uniformity across the entire gain range. The gain control interface 
provides precise linear-in-dB scaling of 20 dB/V and can be centered by an output common-mode adjust 
pin. The AD8337 offers low noise (2.2 nV/VW) and variable gain at frequencies up to 100 MHz. 

Package: 3 mm x 3 mm, 8-lead LFCSP 
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Enhanced OP07 Performance in Tiny TSOT-23 
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AD8677 $0.75 
www. analog. com/AD8677 



The AD8677 addresses the need for system performance in a small 
footprint. The 5-lead TSOT-23 packaging is 75% smaller than the 
competition and improves layout flexibility by saving board space and 
costs. The AD8677 reduces power consumption by as much as 

40% as compared to OP07 standard types. Higher CMRR and PSRR improve accuracy in noisy environ- 
ments. With 80° phase margin, the AD8677 is stable for nearly any capacitive load in any configuration, 
despite PC board input parasitics. The AD8677 operates from ±5 V to ±15 V and is specified over the 
extended industrial temperature range (-40°C to +125°C). 

Packages: Pb-free, 5-lead TSOT-23 and narrow, 8-lead SOIC 



AD9736/AD9735/AD9734— 14-/1 2-/1 0-Bit, 1.2 GSPS TxDAC+® D/A Converter Family 







Industry Leading DAC Speed and Distortion: 


I4-Bit5 


• World-class \m - 74 dBc 

• Low Power- 380 mW 





AD9736 $34.95 
AD9735 $19.95 
AD9734 $14.95 
www. analog. com/AD9736 



The AD9736, AD9735, and AD9734 are high performance, high 
frequency DACs that provide sample rates of up to 1,200 MSPS, 
permitting multicarrier generation up to their Nyquist frequency. 
The AD9736 is the 14-bit member of the family, while the AD9735 
and the AD9734 are the 12-bit and 10-bit members, respectively. 

They include a serial port interface (SPI) that provides for programming many internal parameters and 
also enables readback of status registers. They use a reduced specification LVDS interface to minimize 
data interface that may degrade performance. The output current can be programmed over a range of 
10 mAto 30 mA. The AD9736 family is manufactured on a 0.18 iJim CMOS process and operates from 
1.8 V and 3.3 V supplies for a total power consumption of 380 mW in bypass mode. The devices are supplied in a 160-ball BGA package for 
reduced package parasitics. 



AD5602/AD5612/AD5622— /;a/70DAC Family Extends Its Portfolio of 8-Bit to 12-Bit DACs in 
Tiny SC70 Packages 



AD5602 


$0.93 


AD5612 


$1.15 


AD5622 


$1.32 


www. analog. com/nanoDAC 



The AD5602/AD5612/AD5622, members of the nanoDkC family, are 
single, 8-/1 0-/1 2-bit buffered voltage-output DACs that operate from a 
single 2.7 V to 5.5 V supply, consuming <100 |jlA at 5 V. These DACs 
come in tiny SC70 packages. Each DAC contains an on-chip precision 
output amplifier that allows rail-to-rail output swing to be achieved. 

The AD5602/AD5612/AD5622 use a 2-wire, I'C-compatible serial interface that operates in standard 
(100 kHz), fast (400 kHz), and high speed (3.4 MHz) modes. 

The references for AD5602/AD561 2/AD5622 are derived from the power supply inputs to give the widest 
dynamic output range. Each part incorporates a power-on reset circuit that ensures the DAC output powers up to V and remains there until a 
valid write takes place at the device. The parts contain a power-down feature that reduces the current consumption of the devices to <100 nA 
at 3 V and provides software-selectable output loads while in power-down mode. The parts are put into power-down mode over the serial 
interface. The low power consumption of the AD5602/AD5612/AD5622 in normal operation makes them ideally suited for use in portable 
battery-operated equipment. The typical power consumption is 0.4 mW at 5 V. 



New 200 V, 32-Channel denseDKC™ in 15 mm x 15 mm Footprint 
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AD5535 $135.00 
www. analog. com/AD5535 



As part of the denseDkC family of high resolution and high 
channel count DACs, the new AD5535 achieves full-scale output 
voltage programmable from 50 V to 200 V, in industry-leading 
packaging. The user can select the output voltage range via a 

programmable REF_IN pin, e.g., the output range is V to 50 V with REFJN = 1 V and is V to 
200 V with REFJN = 4 V. The AD5535 is guaranteed monotonic to 14 bits, and each output ampli- 
fier can source 700 |jlA, making it ideally suited for optical communication applications such as 
MEMS mirror control switches and attenuation level control (VOA). 

The selected DAC register is written via the 3-wire SPI interface, which operates at clock rates up 
to 30 MHz. The AD5535 operates with AVqc = 5 V, DVcc = 3 V to 5 V, V- = -5 V, V+ = +5 V, and V 



p-p = 210 V. It is packaged in a 124-ball CSPBGA package with a footprint of 15 mm x 15 mm. 
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For a complete list of products released this quarter and to order samples, please go to www.analog.com/currents. 



Family of 4 ADC/8 DAC, 192 kHz, 24-Bit Audio Codecs witli PLL 




fADigSx Contact ADI 

\M\M\M. analog. com/AD1935 
www. analog. com/AD1936 
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The AD193X family of high performance single-chip audio codecs provides 
four ADCs with differential input and eight DACs with either single-ended or 
differential output using ADI's patented multibit X-A architecture. An SPI® or 
I^C port is included, allowing a microcontroller to adjust volume and many 
other parameters. The AD193x family operates from 3.3 V digital and analog 
supplies. The AD193x is available in a 48-lead (SE output) or 64-lead (differ- 
ential output) LQFP package. 

The AD193X is designed for low EMI. This consideration is apparent in both 
the system and circuit design architectures. The AD193x eliminates the need 
for a separate high frequency master clock. It can also be used with a sup- 
pressed bit clock. The D/A and A/D converters are designed using the latest 
ADI continuous time architecture to further minimize EMI. By using 3.3 V 
supplies, power consumption is minimized, further reducing emissions. 



H AUiyb— ±2''C Accurate, 12-Bit Digital Temperature Sensor 




The ADT75 is a complete temperature monitoring system that consists of a 
band gap temperature sensor and a 12-bit ADC to monitor and digitize the 
temperature to a resolution of 0.0625°C. The ADT75 is pin and register com- 
patible with the LM75 and AD7416 and the ADT75 is specified for operation 
at supply voltages from 3 V to 5.5 V. Operating at 3.3 V, the supply current is 
typically 300 |jlA. The ADT75 offers a shutdown mode that powers down the 
device and gives a shutdown current of typically 3 |jlA. The device is rated 
for operation over the -55°C to +125°C temperature range. The ADT75 is 
available in both an 8-lead MSOP and SOIC package. 
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Power-cube-inductor series 
provides wide OCL range 

Targeting PC motherboard and server markets, the PG0322NL series aims at 
VRMs (voltage-regulated modules), dc/dc converters, and point-of-load appli- 
cations- With an operating temperature of —40 to + 130°C, the series also features 
a 32 to 60 A heating-current rating and a 30 to 50 A current- saturation capability, 
suiting high'Current, multiphase buck-converter applications- Features include a 0-28- 
to L2'|jlH OCL (open-circuit inductance), allowing for a choice of inductance value 
for ripple current and system transient response and a 0.6- to L65-mn DCR (direct- 
current-resistance) range for higher system efficiency due to lower copper losses- 
Measuring 14-5x14.5x9.5 mm, the inductors comply with ROHS (reduction-of- 
hazardous-substances) guidelines and the EIA481 standard. The PG0322NL series 
costs 18 cents (100,000). 
Pulse, www.pulseeng.com 



Compact 1 206 chip 
inductors offer 1 A-class 
power rating 

With a maximum height of 0.9 
mm, the CKP3216 series of 1206- 
case multilayer-chip inductors suits use in 
dc/dc-converter choke coils. The series 
features current ratings of 0.7 to 1.1 A 
and 4.7 to 1 |jlH. An internal-electrode 
printing press enables the vendor to 
double the thickness of the internal 
conductor, providing lower dc re- 
sistance than the vendor's previous-gen- 



eration devices. The CKP3216 series 
costs 20 cents. 

Taiyo Yuden Inc, www.yuden.us 

Thermal gap filler 
targets telecom and 
computing applications 

Targeting use in computer and 
telecommunication applications, 
the T-flex 300 thermally conductive gap 
fillers provide component and device per- 
formance integrity. Peripherals include 



PCI Express 

The Newest Technology 
for Data Acquisition 




High-Speed Data Acquisition 
Nl PCIe-6251 • Nl PCIe-6259 

• 16-bit input resolution 

• 1.25 MS/s sampling rates 

• Up to 32 analog input, 4 analog 
output, and 48 digital channels 

• x1 PCI Express, specification 
vl.1 compliant 



To learn how to get increased 
performance out of your data 
acquisition application, read the 
introduction to PCI Express white 
paper at ni.com/pciexpress. 



(800) 454 2610 



Available on most new PCs, 
PCI Express provides: 

✓ Dedicated bandwidth 
per device 

✓ Up to SOX the bandwidth of PCI 

✓ Backward compatibility with OS, 
application, and driver software 
for PCI 



^NATIONAL 
INSTRUMENTS 



© 2005 National Instruments Corporation. All rights reserved. National 
Instruments, Nl, and ni.com are trademarks of National Instruments. 
Product and company names listed are trademarks or trade names of 
their respective companies. 2005-5761-301-101 
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L2W/mK thermal conductivity, an ultra- 
soft interface pad that conforms with min- 
imal pressure, an optional metallized liner 
with a low'friction surface, and electrical 
insulation. Thickness ranges from 0-25 to 
5.08 mm. The T-flex 300 targets notebook 
computers, mobile-telecommunication 
devices, and high-speed mass-storage. 
Laird Technologies, www.lairdtech.com 



Interconnect 

technology suits 

a range of applications 

□ A Q-shaped contact provides the 
iQ interconnect connector with a 
low profile and a large working range. The 
0.081 profile results in short signal paths 
with 0.6-nH self- inductance and IZ-mll 



resistance, minimizing crosstalk. Features 
also include a low compression force, 
reducing stress on mating components; a 
1-mm, high-density pinout; and floating 
contacts that shift to adjust for uneven 
planarities. The technology suits land- 
grid-array, flex-circuit, board-to-board, 
and component-to-board applications. 
Cinch Connectors, www.cinch.com 



Auxiliary LED flash 
enables autofocusing 
in low-light conditions 

Providing illumination to operate 
the automatic-focus function of 
digital still cameras under low-light con- 
ditions at a range of 3 m, the high-bright- 
ness ASMT-FJIO 
LED features an 
18-cd-at-20-mA 
light output. In- 
stead of using in- 
frared-emitting 
LEDs, this device 
uses visible light, 
allowing the use of the same autofocus 
sensor for low-light and ordinary condi- 
tions. An orange, 612-nm LED also pro- 
vides visible illumination, allowing the 
use of the same device as a red-eye-reduc- 
tion lamp and as an indicator for a cam- 
era's self-timer. Measuring 4-8X4.8 mm, 
the ASMT-FJIO LED costs 35 cents. 
Agilent Technologies Inc, www. 
agilent.com 




Ferrite-drum-core induc- 
tors have wide-ranging 
inductance values 

The SPB- 700 series of ferrite-drum- 
™™ core inductors comprises 26 parts 
with inductances of 180 fxH at 15 A to 
22,000 ^iH at 2.7A dc. Measuring 53.3 X 
37.08 mm, the device also has a mounting 
hole through the center of the core, 
accepting #6 through #10 nonmetallic 
screws. The two leads extend from the bot- 
tom of the core, 180° apart from each 
other. The SPB-700 series costs $12. 
Prem Magnetics, www.prem magnetics, 
com 



Little Things Make an 

IMPACT! 



Count on Keystone 
for Interconnect 
Components 
& Electronic 
Hardware 





Circle, Call or Click for Catalog Ml 



Our Catalog Ml 
also includes: 



W Handles 
Test Points 
Screw Terminals 
Computer Brackets 
Fuse Clips & Holders 
Coin Cell Holders <S Retainers 
Battery Holders <& Contacts 
Quick-Fit Terminals 
Spacers <& Standoffs 
Modular Terminal Blocks 
USB Plugs <& Sockets 
IEEE 1394 Plugs <& Sockets 
Audio Jacks & "F" Connectors 



Available From Your Local Keystone Distributor 



ISO 9001 Certified Manufacturer 



ELECTRONICS CORP. 



(718) 956-8900 • (800) 221-5510 • FAX (718) 956-9040 
e-mail: kec@keyelco.com • Website: keyelco.com 
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Innovation driven by a commitment to excellence. 

striving to create, nurture and accumulate the highest quality electronic components, 
ALPS continues to forge ahead in an ever-changing marketplace — 
just like we have for over fifty years. 
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Visit our Web site for more detaiis: 

http://www.alps.com 



ALPS 



ALPS ELECTRIC (USA), INC, http://www.alpsusa.com 

91 E. Hamilton Avenue Suite #500 Campbell, CA 95008, U.S.A. Phone +1 (408)361 -6400 Fax +1 (408)226-7301 
HEAD OFFICE http://www.alps.co.jp 

ALPS ELECTRIC CO., LTD* 1 -7, Yukigaya-otsuka-cho,Ota-ku, Tokyo, Japan, 145-8501 Ph one. -1-81 (3)3726-1 21 1 Fax. -1-8I (3)3728-1 741 
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ZD connector series adds 
female vertical version 

A new part in the high-speed ER- 
met ZD line, a four-row, vertical, 
female connector requires 
high-performance board-to- 
board connectors when ex- 
panding modem assembly 
systems, implementing mez- 




zanine applications, or transferring signals 
through the rear I/O- With two, three, and 
four rows of contacts, the right-angle con- 
nector provides fast transmission of signals, 
high contact density, and support for 
PICMG 2.20, 3.0 (ACTA), 
or EXm Including 40 differ- 
ential-signal pairs, the con- 
nector currently has a 15 -mm 
assembly height; the vendor 



plans 12- and 22-mm assembly heights- 
ERNI, www.erni.com 



Tantalum capacitor 
provides 3300-|jlF 
capacitance 

As an alternative to multiple low- 
value capacitors for sufficient ca- 
pacitance in low-profile applications, the 
Sprague 592D tantalum capacitor pro- 
vides 3300 |jlF in a 2.5-mm-high package. 
This conformal-coated, solid-tantalum 
capacitor suits noise-suppression, filter- 
ing, coupling, and timing applications, 
such as PCMCIA cards, power supplies, 
line cards, and cell phones- The devices 
in the X case come in 4 to 63V ratings 
and in 1000-, 1500-, 2200-, and3300-fxF 
capacitances- A low maximum-ESR 
range includes 0.055[l at 25°C and 100 
kHz for the 3300- fxF model 
Vishay Intertechnologies, www.vishay. 
com 



COMPUTERS & 
PERIPHERALS 

SOC supports 
perpendicular recording 

□ Targeting use in miniature hard- 
disk drives, the SC1200 SOC (sys- 
tem on chip) supports perpendicular 
recording, CE-ATA, and MMC (multi- 
media-card) host-bus- interface options- 
The chip has a 0.5 -dB performance ad- 
vantage, a 10% capacity increase, and a 
30% smaller die than the vendor's previ- 
ous SOC design. For 1-in. disk drives, the 
device stores 12 Gbytes. The chip set 
operates at 350 Mbps and features 1.8 and 
3.3V configurations for low-power oper- 
ation. The SC1200 costs $10. 
Agere, www.agere.com 



Hard-drive series 
has four models 

□ The PI 20 Series features 200- and 
250-Gbyte parallel and SATA ver- 
sions with 3-Gbps hard-disk drives. All 



It^s very simple. 
Plug it in. Power up. 





The quickest way to find the power you need. 

Sometimes looking for the right power supply can be a hassle. 
That's why Norvell has developed Power Supply Solutions. This unique 
tool will respond to your specifications quickly by accessing several 
M k^^^ ^H^WML manufactures and providing multiple power solutions. It's just that 
simple. Go to norvell.com/pss and experience Norvell's newest 
www.norYell.com/pss way to service your needs. Just plug it in, order it and power up! 

C J Norvell power up 
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PI 20 hard drives include a 7200-rpm spin- 
dle speed, an 8-9-msec average seek time, 
and an 8-Mbyte cache buffer. Targeting 
demanding applications, the 200-Gbyte 
SP2004C costs $150, and the 250-Gbyte 
SP2504C costs $170. The 200-Gbyte SP- 
2014N and 250-Gbyte SP2514N have 
Ultra ATA433 interfaces and cost $130 
and $150, respectively. 
Samsung Electronics, www.samsung. 
com 



Two-drive, 3-Gbps SATA 
processor eases RAID 
configurations 

The I'Tbyte, 3'Gbps, two-drive 
Sil 4723 SATA storage processor 
employs the vendor's Steelvine architect 
ture, which enables designers to easily 
configure RAIDs (redundant arrays of 
inexpensive disks). The device also sup- 
ports data mirroring for RAID 1 or safe 
mode, data stripping for RAID or fast 
mode, drive spanning for concatenation 
or big mode, and JBOD (just a bunch of 
disks) for port-multiplier mode. Designers 
can achieve higher virtualization by con- 
necting to a port-multiplier- aware SATA 
host controller. The Sil 4723 costs $15 
(10,000). 

Silicon Image Inc, www.si I icon image, 
com 



4-Gbyte hard drive 
suits portable players, 
guards against damage 

The Crash Guard II ruggedness fea- 
ture protects the 4'Gbyte SE 
(storage element), which targets use in 
MP3 players, cell phones, GPS devices, 
and personal video recorders. Crash 
Guard II comprises an active latch, 
removing the head from the disk and lock- 
ing it in place when a user drops the hard 
drive; skip control, providing continuous 
playback without skipping or restarting; 
and drop safe, which activates the active 
latch when a user drops the hard drive 
while it is reading or writing data to the 
disk. The device costs $65 (10,000). 
Cornice Inc, www.corniceco.com 



High-performance 
external hard drives have 
FireWire connectivity 

□ Two nine-pin standard FireWire 
800 connectors allow for an 800- 
Mbps transfer rate for the Rocpro 800 AV. 
Capacities include 120, 160, 200, 250, 
300, and 400 Gbytes, all with a 7200-rpm 



rotation speed. Additional peripherals in- 
clude a standard FireWire 800/IEEE 
1394b interface, an Oxford 922 chip set, 
an 8.9-msec average seek time, and a 2.9- 
Ib weight. A 5.8X8.7X 1.6-in. footprint 
provides stackable and upright configu- 
ration options. The Rocpro 800 AV costs 
$129. 

Rocstor, www.rocsecure.com 




SERIES KLP 

voltage, current and power-limited 
operating boundaries 
1 200 watts 

• GPIB, RS 232 & isolated analog 
control standard. 

• True 1 U height - full power operation 
with no spacing between units. 

• Wide range a-c input with active PFC. 
www.kepcopower.com/klp.htm 




SERIES HSF 

d-c plug-in, hot swappable power 
50-1 500 watts 

• Wide range a-c input with PFC. 

• Built-in isolation diodes for hot swap. 

• Current share for N-f1 redundancy. 

• Mount 3-8 abreast in 3U x 19" housing. 

• Mount 4 abreast in 1 U housing. 
www.kepcopower.com/hsf.htm 




SERIES RKW PROGRAMMABLE 

zero-up programmability 
300-1500 watts 

• Power factor correction. 

• Low cost. 

• FCC Class B conducted and 
radiated emissions. 

www.kepcopower.com/rkw.htm 



You need to use the right tools to get the job 
done. Kepco provides you with these tools in 
our broad line of instrumentation and modular 
power supplies. 

Kepco, Inc., an ISO 9001 company, has been 
making precision-stabilized power supplies 
since 1946. We specialize in analog-controlled 
fast-programmable d-c products, capable of 
producing 1, 2 or 4- quadrant (bipolar) outputs. 
Digital control is supported under GPIB 
(IEEE 488.2), RS232 and VXI, using SCPI 
and CIIL. VXI plug&play capability is available 
for more than 50 models ranging up to 1200 
watts. Kepco also offers industrial and OEM 
modular power supplies in single and multi- 
output designs. Many designs current share 
for hot-swap and N+1 redundancy applications. 

We take pride in the new and innovative 
power products that will further expand the 
horizon of options for systems designers. For 
the tools you can rely on, from a company 
you can trust, call Kepco today or check out 
our Web site. 

AN ISO 9001 COMPANY 

(^KEPCO. 

THE POWER SUPPLIER™ 
SINCE 1946 

131-38 Sanford Avenue, Flushing, NY 11352 USA 
Tel: (718) 461-7000 • Fax: (718) 767-1102 
Email: hq@kepcopower.com 

VISIT OUR WEB SITE FOR MORE INFO 

www.kepcopower.com 
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INTEGRATED CIRCUITS 



Stereo codec suits 
midlevel and entry-level 
digital-audio applications 

□ Using a multibit delta-sigma ar- 
chitecture, the CS4270 provides 
an ADC and a DAC with 24'bit resolu- 
tion at a 216'kHz audio-sampling rate- 
Single-ended inputs and outputs allow 



95- to 1 05 -dB total harmonic distortion 
plus noise- Able to operate on a 33 or 5V 
power supply, the codec features on-chip 
level shifters for logic levels of 1-8 to 5V, 
and it has Popguard technology for con- 
trolling power-cycling "clicks" and 
"pops-" The CS4270 comes in a TSSOP- 
24 and costs $2-43 (10,000)- 
Cirrus Logic Inc, www.cirrus.com 



Video processor has a 
variety of on-chip features 

□ Running at 500 MHz, the BSP-16 
video processor includes on-chip 
processors featuring a fast 2-D DMA 
engine, a RISC coprocessor, an on-chip 
video filter, and a 3DES engine for hard- 
ware encryption and decryption- The 
chip's additional features include BT-1 120 
high-definition-stream input processing; 
BT-6956 multiple standard-definition dig- 
ital-video streams; four PS audio inputs; 
eight PS audio-stream outputs; an on-chip 
display-refresh controller; a glueless DDR- 
SDRAM controller; and on-chip Ether- 
net, IDE, and NAND flash controllers- 
With speeds of 350 to 500 MHz, the BSP- 
16 video processor costs $20- 
Equator Technologies Inc, www.equator. 
com 

CMOS image-sensor 

series adds a 

3.2 million-pixel chip 

□ As part of the Dynastron CMOS 
image-sensor line, the 3-2 million- 
pixel ET8E99-AS chip has a 2-7-micron 
pixel pitch with a 1/2-6-in- optical format 
and incorporates an ADC- Features in- 
clude a 15-frame/sec frame rate at QXGA 
output and 30 frames/sec at 3-to-l, verti- 
cal-pixel binning, automatic blemish de- 
tection and correction, gain-control and 
lens-shading compensation, and a PLL cir- 
cuit- The ET8E99-AS costs $45 (1000)- 
Toshiba America Electronic 
Components Inc, www.chips. 
toshiba.com 

Six-channel DAC has 
fewer "clicks" and "pops" 

□ A multibit delta-sigma architecture 
is the core of the CS436rs six-chan- 
nel DAC- Features include a 1 05 -dB 
dynamic range, low-latency digital filtering, 
automatic sample-rate detection, and on- 
chip level translators- The device also 
includes proprietary Popguard technology, 
which reduces the "clicks" and "pops" of 
power cycling- The CS4361 comes in a TS- 
SOP-20 package and costs $2-70 ( 10,000)- 
Cirrus Logic Inc, www.cirrus.com 




Perhaps you should 

have used Atmel's High Rel 

microprocessors... 




With over 25 years 
of experience and in close 
partnersliip witli Freescale, 
Atmel offers a wide range 
of extended reliability products and 
services based on 68K microprocessors, 
the PowerPC family and key peripherals 
for the mihtary and aerospace market. 
Atmel offers high rehabihty packaging 
solutions that increases board level rehabihty. 
Our HI-TCE CBGA packaging technology has 
a thermal coefficient of expansion closely 



matching the expansion characteristics 
of standard FR4 PCB material, thus reducing 
the mechanical constraints between the 
package and the PCB. The HI-TCE component 
substrate material is available on several 
PowerPC products including the PC7447A and 
the companion PC107A PCI bridge/Memory 
Controller. 

Atmel is committed to guaranteeing long term 
availabihty of these products through wafer 
storage and foundry transfer. 



Check out Atmel High Rel Microprocessors at www.atmel.com/products/HighRel 



Host 
Microprocessors 


Integrated 
processors 


Communication 
Controllers 


Arinc 
Controllers 


High Rel Pacicaging 


High Rel Screening 



© Atmel Corporation 2005, All rights reserved, Atmei®, iogo and oombinations thereof, Everywhere You Are® 
and others, are registered trademarl^s or trademarks of Atmei Corporation or its subsidiaries. 
Other terms and product names may be trademarks of others. 
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DC/DC CONVERTERS 

for Aerospace defense, 

Naval and 
Industrial applications. 



I 



4 TO 150 WATTS 

High Reliability 
Wide input ranges 1 :5 
9-45V, 16-80V, 
36-1 50V, 120-480V 



A MODULAR POWER' 
ARCHITECTURE 

To design complex power 
supplies using complete 
COTS solutions that integrate 

Front-end protections, EMI 
filters, approved according to 
Avionics and Military 
standards 
MIL-STD-704.461, 1275 
DO-160, ABD-100 




U.S. & CANADA 
1-888- 601-3169 

EUROPE 
33.5.57.92.12.80 



product! 

' This advertising is for new and curi 



moil" 




Low Cost 
Data 
Acquisition 
Starter 
Kits 



I 



Starting at 



$24.95 



RS'232, USB, or Ethernet Interfaces 

Hardware, software, cable, ar)d 
screwdriver included - Everything 
you need to start acquiring data. 

DATAQ' 

INSTRUMENTS 



www.dataq.com/ednp 





E'Z-HOOK 

Electronic Test Accessories 



See Our Other 
bedded 
ment Tools! 



1 



MHz 
lis Chcinnels 



Dniy $499.00 ' 

Call: 972-272-9392 sales@tech-tools.com 

www.tech-taal5.cam 




Order Direct 1-800-995-4665 
www.e-z-hook.com 




™ ■ ji_ ■ ■ 



CA1 640-20 
20IVIHZ Sweeping 
Function Generator 
$260 



QK857D Hot Air Rework Station 

Soft and rotating hot air 
Suitable for high density circuit 
boards 

Automatic On/Off switch $1 85 




QK702ESD 3-ln-1 Reworl( Station 

Hot air gun, soldering Iron 
and desoldering gun, a 
complete work system. 
$449 

Free tools wi 





www.madelltech.com 

Phone: (877) 670-9023 
(402) 319-4101 
E-mail: info@madelltech.com 

AS-5001 Mini Automatic 
Reflow Oven 
Light weight, working area 
7"x4.5", temperature to 250°C, 
reflow or preheat modes $798 

BGA Repair Systems 
Advanced BGA repair 
systems with spilt vision 
assisted alignment and 
precision placement. 




Tabletop Automatic Pick 
& Place Machine 
Least expensive automatic 
pick and place machine on the 
market. Just dropped price. 

Ith purchases 





Development Tools for ARM 



IDE% In-CircuitEmulators & Evaluation Boards 



EmbestfDEforARM 
■ Micmcontrdler development tools 
I 1brARM7/9 

If • High-performance, low-costtool suit 
- • Include editor, compiler, debugger, 
~\ Hash programmer and JT AG emulator 

. Flash Programmer 

• Downloads code to ARM7/9 target 
tmard via JTAG port 

• Supports on-chip flash 
programming for LPC2Q00 series, 

'~~ At91SAM7 series and STR710 series 

In-Ci )fs 

• Ethenet and USB port based 
•STAG compatible for target 
communication 

^ •SupportEmbestlDE, ADS, SDT, 
GDB 

Evaluation Boards for ARM 



AT91SAM7S64 STR710FZ2T6 LPCim S3C2410 
Board Board Board Board 



Get more info at: 



I feiSt www.armkMts.com 



Test and measurement, SMT Equipment, Rework Stations, Lab Equipment, 
Bio-laboratory, Optics and more 
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Modems Plus 

^^^^^^^ * 



Modems and 
Internet Modems 

• Speeds from 2400 to 56k bps 
•Optional SMTP, TCP/IP Enabled 
•Caller ID, DTMF signaling 

• Off hook detection. Priority pick up 
•Approved; FCC. UL, CSA, CS-03 

• Evaluation kits 

• Low cost starting at $19.95 

www.cermetek.com 

Tel: 800-882-6271 
Sunnyvale, CA USA 




640x480 Image Sensor, Color/BW, 4x3", C/C++ 
Programmable x86, CompactFlash FAT, Ethernet TCP/IP, 
RS232/485, RTC, TTL 

Machine vision; ID mark check; Pattern recognition; 
Industrial process control; Motion position detection; 
Security monitoring; image acquisition and recording. 



50+ Low Cost Controllers with ADC, DAC, solenoid drivers, 
relays, file system with CompactFlash, LCD, DSP motion control, 
18 UARTs, 300 l/Os. Custom board design. Save time and money. 



1724 Picasso Ave., Suite A 
Davis, CA 95616 USA 



XFPNf Tel: 530-758-0180 • Fax:530-758-0181 
(J\i\ www.tern.com lairn ssfssa 

INC. saks@tem.con, WUH 



Need to build 
a C compiler 
or assembler? 

You can create efficient program- 
ming tools quickly using Archelon's | 
User Retargetable Development 
Tools. Or we can help you with the 
work to get the job done faster. 

Want to know more? 

See http://www.archelon.com 
or call us at (800)387-5670 




ROEIDN 



GIGA-SNAP BGA 
SOCKETS AND ADAPTERS 




Giga-snaP BGA SMT Adapters 
allow affordable socketing for later 
upgrading of RGB's. 

• Ultra low insertion force 

• GHz bandwidth 

• Same GTE as RGB 

• Ratent pending epoxy overmold 
for maximum solderability 

• Up to 2000 pins 

• 0.8 to 1.27mm pitch 

^\ Ironwood Electronics 

^^1-800-404-0204 

www.ironwoodelectronics.com 




Check out our in-stock 
Power Distribution Units at 
www.pulizzi.com/stock 
All of our in-stock PDUs qualify 
for the same day shipping offer. 
(For Orders Placed by 12 P.M. CT) 



PULIZZP ENGINEERING, INC 



^binn Connection... 

PCB Production, 
Assembly, 
Turnkey 



Prototype - Production 



D/S PCB ~ 12<t; per in^ 
4-L PCB ~ 20<t; per in^ 

10 days Delivery w/solder Mask 
NRE not included 
UL Approved 



MYLYDIA INC. 

1-800-Mylydia 
sales@mylydia.com 

www.mylydia.com 



To advertise in Product Mart, call call Judy Keseherg at 800-4 1 7-5370 
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realitycheck 



YESTERDAY'S HYPE MEETS TODAY'S REALITY 





An abacus in your pocket 



^ 1 In 1 972, market studies indicated that a pocket-sized scientific calculator would go 
nowhere, but that didn't deter Bill Hewlett and his company, Hewlett-Packard, from 
developing the Abacus HP-35 handheld calculator. Hewlett wanted to sell a pocket-sized ver- 
sion of its first electronic calculator, the 40-lb 91 OOA, which HP developed in 1 968. The HP- 
35, as it turned out, was more precise than some mainframe computers. Within months of the 
calculator's introduction, GE (www.ge.com) ordered 20,000 units, according to The Museum of 
HP Calculators (www.hpmuseum.org). When someone discovered a bug after HP had shipped 
25,000 units, the company offered free replacements. 

The rest is history HP scientific calculators are standard fare today-with everyone from high- 
school math students to seismologists. Electrical Engineer David Hicks founded the Museum of 
HP Calculators, which claims no affiliation with HP Hicks is only one of many calculator collec- 
tors who worship the older HP, Sharp, and Tl scientific calculators, some of which you can read 
about at the Datamath Calculator Museum (www.datamath.org/SciWEDGE/sr-50.htm). Tl intro- 
duced the SR-50 electronic slide rule in 1 973 at less than half the HP-35's price. 

-by John Dodge 
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INSPIRING INNOVATIONS 



HEVI-DUTY 



[mm TAIYO YUDEN 



Delivering tlie latest witli the greatest. 

Mouser is the catalog distributor focused on the needs of engineers. Whatever your power supply 
requirements, Mouser is the trusted source. We deliver the latest technologies with the great service and 
support you need. 



SEMICONDUCTORS I PASSIVES I INTERCONNECTS I POWER I ELECTROMECHANICAL I TEST, TOOLS & SUPPLIES 




New Products 

New Technologies 

New Suppliers 

New Catalog Every 90 Days! 



MOUSER 

ELECTRONFCS 



a tti company 



(800) 346-6873 
www.mouser.com 



Mouser® and Mouser Electronics® are trademarks of Mouser Electronics, Inc. 



Power Supply & Management 



MDmeshll Power MOSFETs with super-low Roscon) 
give even lower power losses and easier driving 
for all your high-frequency SMPS applications. 

Innovative products for multi-segment application systems 



Viper 
Auxiliary 
Monolithic 




With ST's global solutions offerings such as Power Management ICs, 
Switching and Low Drop Regulator ICs and a wide range of advanced 
discrete devices, designing an SMPS for your application is easier 
than ever. The STP25NM60N using ST's unique MDmeshll™ 
technology, for example, offers one of the industry's lowest R^scon) 
and new levels of performance at high frequencies. 



Key Features 

• Up to 40% on-resistance reduction 

• Typical Rpscn) = 0.140Q 

• High dv/dt and avalanche 
capabilities 

• 100% avalance tested 

• Low input capacitance and gate 
charge 

• Low gate input resistance 



Part 
Number (( 


^DSS 

a Tjmax) 


D 

'^DS(on) 


ID 


Pkge. ^ 


STB25NM60N-1 


650V 


< 0.170Q 


20A 


PPAK 


STF25NM60N 


650V 


< 0.170Q 


20A* TO-220FP 


STP25NM60N 


650V 


< 0.170Q 


20A 


TO-220 


STW25NM60N 


650V 


< 0.170Q 


20A 


TO-247 


^TB25NM60N 


650V 


< 0.170Q 


20A 


D^PAK ^ 



'• Limited only by maximum temperature allowed 



For datasheets, application notes and more information visit 

www.st.com/mdmesh 



MDmeshll is a trademark of STMicroelectronics. 



Solutions® 



DEVICE AVAILABLE FROM THESE DISTRIBUTORS: ARROW • AVNET • DIGI-KEY • FUTURE • MOUSER • NU-HORIZONS 



